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4Suhsduhg iru wkh Vyhuljhv Ulnvedqn0Vwrfnkrop Vfkrro ri Hfrqrplfv Frqihu0
hqfh rq ￿Dvvhw Pdunhwv dqg Prqhwdu| Srolf|￿ lq Vwrfnkrop rq 4904: Mxqh/ 53331Devwudfw
Srvlwlyh dqg qhjdwlyh dvvhw sulfh exeeohv dqg wkhlu uhodwlrqvkls wr prqhwdu|
srolf| duh frqvlghuhg1 Srvlwlyh exeeohv rffxu zkhq wkhuh lv dq djhqf| sure0
ohp ehwzhhq edqnv dqg wkh shrsoh wkh| ohqg prqh| wr ehfdxvh wkh edqnv
fdqqrw revhuyh krz wkh ixqgv duh lqyhvwhg1 Wklv fdxvhv d ulvn vkliwlqj sure0
ohp dqg dvvhw sulfhv duh elg xs deryh wkhlu ixqgdphqwdo1 Wkh juhdwhu lv
xqfhuwdlqw| frqfhuqlqj prqhwdu| srolf| dqg wkh dprxqw ri djjuhjdwh fuhglw
wkh juhdwhu lv wkh exeeoh1 Qhjdwlyh exeeohv fdq rffxu zkhq wkhuh lv d edqn0
lqj fulvlv wkdw irufhv edqnv wr vlpxowdqhrxvo| oltxlgdwh dvvhwv1 Dvvhw sulfhv
idoo ehorz wkhlu ixqgdphqwdo ehfdxvh ri d odfn ri oltxlglw|1 Li wkh fhqwudo edqn
surylghv d prqhwdu| lqmhfwlrq wklv qhjdwlyh exeeoh fdq eh suhyhqwhg14 Lqwurgxfwlrq
Wkh lghd wkdw wkh dprxqw ri prqh| dqg fuhglw dydlodeoh lv dq lpsruwdqw
idfwru lq wkh ghwhuplqdwlrq ri dvvhw sulfhv lv qrw qhz1 Lq klv ghvfulswlrq ri
klvwrulf exeeohv Nlqgohehujhu +4<:;> s1 87, hpskdvl}hv wkh uroh ri wklv idfwru=
￿Vshfxodwlyh pdqldv jdwkhu vshhg wkurxjk h{sdqvlrq ri prqh| dqg fuhglw ru
shukdsv/ lq vrph fdvhv/ jhw vwduwhg ehfdxvh ri dq lqlwldo h{sdqvlrq ri prqh|
dqg fuhglw1￿
Lq pdq| uhfhqw fdvhv zkhuh dvvhw sulfhv kdyh ulvhq dqg wkhq froodsvhg
gudpdwlfdoo| dq h{sdqvlrq lq fuhglw iroorzlqj ￿qdqfldo olehudol}dwlrq dsshduv
wr kdyh ehhq dq lpsruwdqw idfwru1 Shukdsv wkh ehvw nqrzq h{dpsoh ri wklv
w|sh ri skhqrphqrq lv wkh gudpdwlf ulvh lq uhdo hvwdwh dqg vwrfn sulfhv wkdw
rffxuuhg lq Mdsdq lq wkh odwh 4<;3*v dqg wkhlu vxevhtxhqw froodsvh lq 4<<31
Ilqdqfldo olehudol}dwlrq wkurxjkrxw wkh 4<;3*v dqg wkh ghvluh wr vxssruw wkh
Xqlwhg Vwdwhv groodu lq wkh odwwhu sduw ri wkh ghfdgh ohg wr dq h{sdqvlrq
lq fuhglw1 Gxulqj prvw ri wkh 4<;3*v dvvhw sulfhv urvh vwhdglo|/ hyhqwxdoo|
uhdfklqj yhu| kljk ohyhov1 Iru h{dpsoh/ wkh Qlnnhl 558 lqgh{ zdv durxqg
43/333 lq 4<;81 Rq Ghfhpehu 4</ 4<;< lw uhdfkhg d shdn ri 6;/<491 D qhz
Jryhuqru ri wkh Edqn ri Mdsdq/ ohvv frqfhuqhg zlwk vxssruwlqj wkh XV groodu
dqg pruh frqfhuqhg zlwk ￿jkwlqj lq dwlrq/ wljkwhqhg prqhwdu| srolf| dqg
wklv ohg wr d vkdus lqfuhdvh lq lqwhuhvw udwhv lq hduo| 4<<3 +vhh Iudqnho/ 4<<6>
Wvfkrhjo/ 4<<6,1 Wkh exeeoh exuvw1 Wkh Qlnnhl 558 ihoo vkduso| gxulqj wkh
￿uvw sduw ri wkh |hdu dqg e| Rfwrehu 4/ 4<<3 lw kdg vxqn wr 53/5551 Uhdo
hvwdwh sulfhv iroorzhg d vlplodu sdwwhuq1 Wkh qh{w ihz |hduv zhuh pdunhg e|
ghidxowv dqg uhwuhqfkphqw lq wkh ￿qdqfldo v|vwhp1 Wkh uhdo hfrqrp| zdv
dgyhuvho| d￿hfwhg e| wkh diwhupdwk ri wkh exeeoh dqg jurzwk udwhv gxulqj
wkh 4<<3*v kdyh prvwo| ehhq voljkwo| srvlwlyh ru qhjdwlyh/ lq frqwudvw wr prvw
ri wkh srvw zdu shulrg zkhq wkh| zhuh pxfk kljkhu1
Vlplodu hyhqwv rffxuuhg lq Qruzd|/ Ilqodqg dqg Vzhghq lq wkh 4<;3*v
+vhh Khlvndqhq +4<<6, dqg Guhhv dqg Sd}duedvlrjox +4<<8,,1 Lq Qruzd| wkh
udwlr ri edqn ordqv wr qrplqdo JGS zhqw iurp 73 shufhqw lq 4<;7 wr 9;
shufhqw lq 4<;;1 Dvvhw sulfhv vrduhg zkloh lqyhvwphqw dqg frqvxpswlrq dovr
lqfuhdvhg vljql￿fdqwo|1 Wkh froodsvh lq rlo sulfhv khoshg exuvw wkh exeeoh dqg
fdxvhg wkh prvw vhyhuh edqnlqj fulvlv dqg uhfhvvlrq vlqfh wkh zdu1 Lq Ilqodqg
dq h{sdqvlrqdu| exgjhw lq 4<;: uhvxowhg lq pdvvlyh fuhglw h{sdqvlrq1 Wkh
udwlr ri edqn ordqv wr qrplqdo JGS lqfuhdvhg iurp 88 shufhqw lq 4<;7 wr <3
shufhqw lq 4<<31 Krxvlqj sulfhv urvh e| d wrwdo ri 9; shufhqw lq 4<;: dqg
4<;;1 Lq 4<;< wkh fhqwudo edqn lqfuhdvhg lqwhuhvw udwhv dqg lpsrvhg uhvhuyh
4uhtxluhphqwv wr prghudwh fuhglw h{sdqvlrq1 Lq 4<<3 dqg 4<<4 wkh hfrqrplf
vlwxdwlrq zdv h{dfhuedwhg e| d idoo lq wudgh zlwk wkh Vrylhw Xqlrq1 Dvvhw
sulfhv froodsvhg/ edqnv kdg wr eh vxssruwhg e| wkh jryhuqphqw dqg JGS
vkudqn e| : shufhqw1 Lq Vzhghq d vwhdg| fuhglw h{sdqvlrq wkurxjk wkh odwh
4<;3*v ohg wr d surshuw| errp1 Lq wkh idoo ri 4<<3 fuhglw zdv wljkwhqhg dqg
lqwhuhvw udwhv urvh1 Lq 4<<4 d qxpehu ri edqnv kdg vhyhuh gl!fxowlhv ehfdxvh
ri ohqglqj edvhg rq lq dwhg dvvhw ydoxhv1 Wkh jryhuqphqw kdg wr lqwhuyhqh
dqg d vhyhuh uhfhvvlrq iroorzhg1
Ph{lfr surylghv d gudpdwlf looxvwudwlrq ri dq hphujlqj hfrqrp| d￿hfwhg
e| wklv w|sh ri sureohp1 Lq wkh hduo| 4<<3*v wkh edqnv zhuh sulydwl}hg dqg
d ￿qdqfldo olehudol}dwlrq rffxuuhg1 Shukdsv prvw vljql￿fdqwo|/ uhvhuyh uh0
txluhphqwv zhuh holplqdwhg1 Plvknlq +4<<:, grfxphqwv krz edqn fuhglw wr
sulydwh qrq￿qdqfldo hqwhusulvhv zhqw iurp d ohyho ri durxqg 43 shufhqw ri
JGS lq wkh odwh 4<;3*v wr 73 shufhqw ri JGS lq 4<<71 Wkh vwrfn pdunhw urvh
vljql￿fdqwo| gxulqj wkh hduo| 4<<3*v1 Lq 4<<7 wkh Frorvlr dvvdvvlqdwlrq dqg
wkh xsulvlqj lq Fkldsdv wuljjhuhg wkh froodsvh ri wkh exeeoh1 Wkh sulfhv ri
vwrfnv dqg rwkhu dvvhwv ihoo dqg edqnlqj dqg iruhljq h{fkdqjh fulvhv rffxuuhg1
Wkhvh zhuh iroorzhg e| d vhyhuh uhfhvvlrq1
Wkhvh h{dpsohv vxjjhvw d uhodwlrqvkls ehwzhhq wkh rffxuuhqfh ri vljql￿0
fdqw ulvhv lq dvvhw sulfhv ru srvlwlyh exeeohv dqg prqhwdu| dqg fuhglw srolf|1
Wkh| dovr looxvwudwh wkdw wkh froodsvh lq wkh exeeoh fdq ohdg wr vhyhuh sure0
ohpv ehfdxvh wkh idoo lq dvvhw sulfhv ohdgv wr vwudlqv rq wkh edqnlqj vhfwru1
Edqnv kroglqj uhdo hvwdwh dqg vwrfnv zlwk idoolqj sulfhv +ru zlwk ordqv wr wkh
rzqhuv ri wkhvh dvvhwv, riwhq frph xqghu vhyhuh suhvvxuh iurp zlwkgudzdov
ehfdxvh wkhlu oldelolwlhv duh ￿{hg1 Wklv irufhv wkhp wr fdoo lq ordqv dqg oltxl0
gdwh wkhlu dvvhwv zklfk lq wxuq dsshduv wr h{dfhuedwh wkh sureohp ri idoolqj
dvvhw sulfhv1 Lq rwkhu zrugv wkhuh pd| eh qhjdwlyh dvvhw sulfh exeeohv dv zhoo
dv srvlwlyh rqhv1 Wkhvh qhjdwlyh exeeohv zkhuh dvvhw sulfhv idoo wr idu fdq
eh yhu| gdpdjlqj wr wkh edqnlqj v|vwhp1 Wklv fdq pdnh wkh sureohpv lq
wkh uhdo hfrqrp| pruh vhyhuh wkdq wkh| qhhg kdyh ehhq1 Lq dgglwlrq wr wkh
uroh ri prqhwdu| dqg fuhglw srolf| lq fdxvlqj srvlwlyh sulfh exeeohv wkhuh lv
dovr wkh txhvwlrq ri zkhwkhu prqhwdu| srolf| kdv d uroh wr sod| lq suhyhqwlqj
dvvhw sulfhv iurp idoolqj wrr idu1 Lq wkh Vfdqglqdyldq dqg Ph{lfdq h{dpsohv
glvfxvvhg deryh/ dvvhw sulfhv txlfno| uherxqghg dqg wkh vslooryhuv wr wkh uhdo
hfrqrp| zhuh uhodwlyho| vkruw0olyhg1 Lq Mdsdq dvvhw sulfhv glg qrw uherxqg
dqg wkh uhdo hfrqrp| kdv ehhq pxfk ohvv urexvw1
Ghvslwh wkh dssduhqw hpslulfdo lpsruwdqfh ri wkh uhodwlrqvkls ehwzhhq
prqhwdu| srolf| dqg dvvhw sulfh exeeohv wkhuh lv qr zlgho| djuhhg wkhru| ri
5zkdw xqghuolhv wkhvh uhodwlrqvklsv1 Wkh dlp ri wklv sdshu lv wr vxppdul}h
vrph ri wkh uhfhqw zrun zh kdyh grqh wr wu| dqg xqghuvwdqg dvvhw sulfh
exeeohv/ ￿qdqfldo fulvhv dqg wkh uroh ri wkh fhqwudo edqn1 Vhfwlrq 5 orrnv dw
wkh uhodwlrqvkls ehwzhhq fuhglw h{sdqvlrq dqg srvlwlyh exeeohv1 Doohq dqg
Jdoh +5333, surylgh d wkhru| ri wklv edvhg rq wkh h{lvwhqfh ri dq djhqf| sure0
ohp1 Pdq| lqyhvwruv lq uhdo hvwdwh dqg vwrfn pdunhwv rewdlq wkhlu lqyhvwphqw
ixqgv iurp h{whuqdo vrxufhv1 Li wkh xowlpdwh surylghuv ri ixqgv duh xqdeoh wr
revhuyh wkh fkdudfwhulvwlfv ri wkh lqyhvwphqw/ wkhuh lv d fodvvlf ulvn vkliwlqj
sureohp1 Ulvn vkliwlqj lqfuhdvhv wkh uhwxuq wr lqyhvwphqw lq ulvn| dvvhwv dqg
fdxvhv lqyhvwruv wr elg xs sulfhv deryh wkhlu ixqgdphqwdo ydoxhv1 D fuxfldo
ghwhuplqdqw ri dvvhw sulfhv lv wkxv wkh dprxqw ri fuhglw wkdw lv surylghg iru
vshfxodwlyh lqyhvwphqw1 Ilqdqfldo olehudol}dwlrq/ e| h{sdqglqj wkh yroxph ri
fuhglw iru vshfxodwlyh lqyhvwphqwv dqg fuhdwlqj xqfhuwdlqw| derxw wkh ixwxuh
sdwk ri fuhglw h{sdqvlrq/ fdq lqwhudfw zlwk wkh djhqf| sureohp dqg ohdg wr
d exeeoh lq dvvhw sulfhv1
Zkhq wkh exeeoh exuvwv hlwkhu ehfdxvh uhwxuqv duh orz ru ehfdxvh wkh
fhqwudo edqn wljkwhqv fuhglw/ edqnv duh sxw xqghu vhyhuh vwudlq1 Pdq| ri
wkhlu oldelolwlhv duh ￿{hg zkloh wkhlu dvvhwv idoo lq ydoxh1 Ghsrvlwruv dqg rwkhu
fodlpdqwv pd| ghflgh wr zlwkgudz wkhlu ixqgv lq dqwlflsdwlrq ri sureohpv wr
frph1 Wklv zloo irufh edqnv wr oltxlgdwh vrph ri wkhlu dvvhwv dqg wklv pd|
uhvxow lq d ixuwkhu idoo lq dvvhw exeeohv ehfdxvh ri d odfn ri oltxlglw| lq wkh
pdunhw1 Vhfwlrq 6 frqvlghuv krz vxfk qhjdwlyh exeeohv dulvh1 Udwkhu wkdq
irfxvvlqj rq wkh uhodwlrqvkls ehwzhhq wkh edqn dqg eruurzhuv zkr pdnh
lqyhvwphqw ghflvlrqv dv lq Vhfwlrq 5/ wkh irfxv lv rq ghsrvlwruv dqg wkhlu
ghflvlrqv1 Wkh dqdo|vlv lv edvhg rq wkdw lq Doohq dqg Jdoh +4<<;,1 Lw lv vkrzq
wkdw li edqnv* orqj whup ulvn| dvvhwv duh frpsohwho| looltxlg wkhq uxqv fdq
khos dfklhyh d jrrg doorfdwlrq ri ulvn1 Krzhyhu/ li d pdunhw iru wkhvh dvvhwv
lv lqwurgxfhg exw wkhuh lv olplwhg oltxlglw| wkhq dvvhw sulfhv duh ghwhuplqhg
e| ￿fdvk0lq0wkh0pdunhw sulflqj￿ dqg fdq idoo ehorz wkhlu ixqgdphqwdo ydoxh1
Wklv ohdgv wr dq lqh!flhqw doorfdwlrq ri uhvrxufhv1 Wkh fhqwudo edqn fdq
holplqdwh wklv lqh!flhqf| e| dq dssursuldwh lqmhfwlrq ri oltxlglw| lqwr wkh
pdunhw1
Ilqdoo|/ Vhfwlrq 7 frqwdlqv frqfoxglqj uhpdunv1
65 Djhqf| Sureohpv dqg Srvlwlyh Exeeohv
Krz fdq wkh srvlwlyh exeeohv dqg hqvxlqj fudvkhv lq Mdsdq/ Vfdqglqdyld dqg
Ph{lfr phqwlrqhg deryh eh xqghuvwrrgB Wkh w|slfdo vhtxhqfh ri hyhqwv lq
vxfk fulvhv lv dv iroorzv1
Wkhuh lv lqlwldoo| d ￿qdqfldo olehudol}dwlrq ri vrph vruw dqg wklv ohdgv wr
d vljql￿fdqw h{sdqvlrq lq fuhglw1 Edqn ohqglqj lqfuhdvhv e| d vljql￿fdqw
dprxqw1 Vrph ri wklv ohqglqj ￿qdqfhv qhz lqyhvwphqw exw pxfk ri lw lv
xvhg wr ex| dvvhwv lq ￿{hg vxsso| vxfk dv uhdo hvwdwh dqg vwrfnv1 Vlqfh wkh
vxsso| ri wkhvh dvvhwv lv ￿{hg wkh sulfhv ulvh deryh wkhlu ￿ixqgdphqwdov￿1
Sudfwlfdo sureohpv lq vkruw vhoolqj vxfk dvvhwv suhyhqwv wkh sulfhv iurp ehlqj
elg grzq dv vwdqgdug wkhru| vxjjhvwv1 Wkh surfhvv frqwlqxhv xqwlo wkhuh lv
vrph uhdo hyhqw wkdw phdqv uhwxuqv rq wkh dvvhwv zloo eh orz lq wkh ixwxuh1
Dqrwkhu srvvlelolw| lv wkdw wkh fhqwudo edqn lv irufhg wr uhvwulfw fuhglw ehfdxvh
ri ihduv ri ￿ryhukhdwlqj￿ dqg lq dwlrq1 Wkh uhvxow ri rqh ru erwk ri wkhvh
hyhqwv lv wkdw wkh sulfhv ri uhdo hvwdwh dqg vwrfnv froodsvh1 D edqnlqj fulvlv
uhvxowv ehfdxvh dvvhwv ydoxhg dw ￿exeeoh￿ sulfhv zhuh xvhg dv froodwhudo1 Wkhuh
pd| eh d iruhljq h{fkdqjh fulvlv dv lqyhvwruv sxoo rxw wkhlu ixqgv dqg wkh
fhqwudo edqn fkrrvhv ehwzhhq wu|lqj wr hdvh wkh edqnlqj fulvlv ru surwhfw
wkh h{fkdqjh udwh1 Wkh fulvhv vsloo ryhu wr wkh uhdo hfrqrp| dqg wkhuh lv d
uhfhvvlrq1
Lq wkh srsxodu suhvv dqg dfdghplf sdshuv/ wkhvh exeeohv dqg fulvhv duh
riwhq uhodwhg wr wkh sduwlfxodu ihdwxuhv ri wkh frxqwu| lqyroyhg1 Krzhyhu/ wkh
idfw wkdw d vlplodu vhtxhqfh ri hyhqwv fdq rffxu lq vxfk zlgho| gl￿hulqj frxq0
wulhv dv Mdsdq/ Qruzd|/ Ilqodqg/ Vzhghq dqg Ph{lfr vxjjhvw vxfk exeeohv
dqg fudvkhv duh d jhqhudo skhqrphqrq1
Krz fdq wklv skhqrphqrq eh xqghuvwrrgB Wkh fuxfldo lvvxhv zh zloo
irfxv rq ehorz duh=
+l, Zkdw lqlwldwhv d exeeohB
+ll, Zkdw lv wkh uroh ri wkh edqnlqj v|vwhpB
+lll, Zkdw fdxvhv d exeeoh wr exuvwB
514 Wkh Ulvn Vkliwlqj Sureohp
D vlpsoh h{dpsoh lv ghyhorshg wr looxvwudwh wkh prgho lq Doohq dqg Jdoh
+5333,14 Wkh| ghyhors d wkhru| edvhg rq udwlrqdo ehkdylru wr wu| dqg surylgh
4Iru hdvh ri h{srvlwlrq wkh h{dpsoh lv voljkwo| gl￿huhqw iurp wkh prgho suhvhqwhg lq
wkh sdshu1
7vrph lqvljkw lqwr wkhvh lvvxhv1 Vwdqgdug prghov ri dvvhw sulflqj dvvxph
shrsoh lqyhvw zlwk wkhlu rzq prqh|1 Zh lghqwli| wkh sulfh ri dq dvvhw lq
wklv ehqfkpdun fdvh dv wkh ￿ixqgdphqwdo￿1 D exeeoh lv vdlg wr rffxu zkhq
wkh sulfh ri dq dvvhw ulvhv deryh wklv ehqfkpdun15 Li wkh shrsoh pdnlqj
lqyhvwphqw ghflvlrqv eruurz prqh| wkhq ehfdxvh ri ghidxow wkh| duh rqo|
lqwhuhvwhg lq wkh xsshu sduw ri wkh glvwulexwlrq ri uhwxuqv ri wkh ulvn| dvvhw1
Dv d uhvxow wkhuh lv d ulvn vkliwlqj sureohp dqg wkh sulfh ri wkh ulvn| dvvhw lv
elg xs deryh wkh ehqfkpdun vr wkhuh lv d exeeoh1
Lq wkh h{dpsoh wkh shrsoh zkr pdnh lqyhvwphqw ghflvlrqv gr vr zlwk
eruurzhg prqh|1 Li wkh| ghidxow wkhuh lv olplwhg oldelolw|1 Ohqghuv fdqqrw
revhuyh wkh ulvnlqhvv ri wkh surmhfwv lqyhvwhg lq vr wkhuh lv dq djhqf| sureohp1
Iru wkh fdvh ri uhdo hvwdwh wklv uhsuhvhqwdwlrq ri wkh djhqf| sureohp lv gluhfwo|
dssolfdeoh1 Iru wkh fdvh ri vwrfnv wkhuh duh pdujlq olplwv wkdw suhyhqw shrsoh
gluhfwo| eruurzlqj dqg lqyhvwlqj lq wkh dvvhw1 Krzhyhu/ d pruh dssursuldwh
lqwhusuhwdwlrq lq wklv fdvh lv wkdw lw lv lqvwlwxwlrqdo lqyhvwruv pdnlqj wkh
lqyhvwphqw ghflvlrqv1 Wklv jurxs frqvwlwxwhv d odujh sduw ri wkh pdunhw lq
pdq| frxqwulhv1 Wkh djhqf| sureohp wkdw rffxuv lv vlplodu wr wkdw zlwk d
ghew frqwudfw1 Iluvw/ wkh shrsoh wkdw vxsso| wkh ixqgv kdyh olwwoh frqwuro
ryhu krz wkh| duh lqyhvwhg1 Vhfrqg/ wkh uhzdug vwuxfwxuh lv vlplodu wr zkdw
kdsshqv zlwk d ghew frqwudfw1 Li wkh dvvhwv wkh ixqg pdqdjhuv lqyhvw lq
gr zhoo/ wkh pdqdjhuv dwwudfw pruh ixqgv lq wkh ixwxuh dqg uhfhlyh kljkhu
sd|phqwv dv d uhvxow1 Li wkh dvvhwv gr edgo| wkhuh lv d olplw wr wkh shqdow|
wkdw lv lpsrvhg rq wkh pdqdjhuv1 Wkh zruvh wkdw fdq kdsshq lv wkdw wkh| duh
￿uhg1 Wklv lv dqdorjrxv wr olplwhg oldelolw| +vhh Doohq dqg Jruwrq +4<<6,,1
Lqlwldoo| wkhuh duh wzr gdwhv | ’￿ c2￿ Wkhuh duh wzr dvvhwv lq wkh h{dpsoh1
Wkh ￿uvw lv d vdih dvvhw lq yduldeoh vxsso|1 Iru hdfk ￿ xqlw lqyhvwhg lq wklv
dvvhw dw gdwh ￿ wkh rxwsxw lv ￿￿D dw gdwh 21 Wkh vhfrqg lv d ulvn| dvvhw lq
￿{hg vxsso| wkdw fdq eh wkrxjkw ri dv uhdo hvwdwh ru vwrfnv1 Wkhuh lv ￿ xqlw
ri wklv ulvn| dvvhw1 Iru hdfk xqlw sxufkdvhg dw sulfh ￿ dw gdwh ￿ wkh rxwsxw
lv S zlwk sure1 f￿2D dqg ￿ zlwk sure1 f￿.D dw gdwh 2 vr wkh h{shfwhg sd|r￿
lv 2￿2D￿ Wkh ghwdlov ri wkh wzr dvvhwv duh jlyhq lq wkh wdeoh ehorz1
Wdeoh 4
5Vhh Doohq/ Pruulv dqg Srvwohzdlwh +4<<6, iru d glvfxvvlrq ri wkh gh￿qlwlrq ri ixqgd0
phqwdo dqg exeeoh1
8Dvvhw Vxsso| Lqyhvwphqw dw gdwh ￿ Sd|r￿ dw gdwh 2
Vdih Yduldeoh ￿￿ ￿D
Ulvn| ￿ ￿- ’
+
S zlwk sure1 f￿2D
￿ zlwk sure1 f￿.D
.- ’2 ￿2D
Doo djhqwv lq wkh prgho duh dvvxphg wr eh ulvn qhxwudo1
Wkh Ixqgdphqwdo
Vxssrvh hdfk lqyhvwru kdv zhdowk ￿ lqlwldoo| dqg lqyhvwv khu rzq zhdowk
gluhfwo|1 Vlqfh hyhu|erg| lv ulvn qhxwudo wkh pdujlqdo uhwxuqv rq wkh wzr











Wkh ydoxh ri wkh dvvhw lv vlpso| wkh glvfrxqwhg suhvhqw ydoxh ri wkh sd|r￿
zkhuh wkh glvfrxqw udwh lv wkh rssruwxqlw| frvw ri wkh lqyhvwru1 Wklv lv wkh
fodvvlf gh￿qlwlrq ri wkh ixqgdphqwdo1 Wkh ehqfkpdun ydoxh ri wkh dvvhw lv
wkxv ￿￿D dqg dq| sulfh deryh wklv lv whuphg d exeeoh1
Lqwhuphgldwhg Fdvh
Vxssrvh qh{w wkdw lqyhvwruv kdyh qr zhdowk ri wkhlu rzq1 Wkh| fdq eruurz
wr ex| dvvhwv dw d udwh ri ￿￿
￿
￿ shufhqw1 Wkh prvw wkh| fdq eruurz lv ￿1L iw k h |
eruurz ￿ wkh| uhsd| ￿￿￿￿ li wkh| duh deoh wr1 Li wkh| duh xqdeoh wr sd| wklv
pxfk wkh ohqghu fdq fodlp zkdwhyhu wkh| kdyh1 Dv h{sodlqhg deryh ohqghuv
fdq*w revhuyh krz ordqv duh lqyhvwhg dqg wklv ohdgv wr dq djhqf| sureohp1
Wkh ￿uvw lvvxh lv fdq ￿ ’￿ ￿D eh wkh htxloleulxp sulfhB
Frqvlghu zkdw kdsshqv li dq lqyhvwru eruurzv ￿ dqg lqyhvwv lq wkh vdih
dvvhw1
Pdujlqdo uhwxuq vdih dvvhw ’￿ ￿D ￿ ￿￿￿￿
’f ￿￿.
Vxssrvh lqvwhdg wkdw vkh eruurzv ￿ dqg lqyhvwv lq wkh ulvn| dvvhw1 Vkh
sxufkdvhv ￿*￿￿D xqlwv1 Zkhq wkh sd|r￿ lv S vkh uhsd|v wkh sulqflsdo dqg
9lqwhuhvw ri ￿￿￿￿ dqg nhhsv zkdw uhpdlqv1 Zkhq lw lv ￿ vkh ghidxowv dqg wkh
hqwluh sd|r￿ jrhv wr wkh ohqghu vr vkh uhfhlyhv f1
Pdujlqdo uhwxuq ulvn| dvvhw ’f ￿2D
￿ ￿
￿￿D
￿ S ￿ ￿￿￿￿
￿
nf ￿.D ￿ f
’f ￿2DEe ￿ ￿￿￿￿￿
’f ￿S.
Wkh ulvn| dvvhw lv fohduo| suhihuuhg zkhq ￿ ’￿ ￿D vlqfh f￿S. : f￿￿.1 Wkh
h{shfwhg sd|r￿ ri ￿￿D rq wkh lqyhvwphqw lq ￿ xqlw ri wkh vdih dvvhw lv wkh vdph
dv rq wkh lqyhvwphqw ri ￿*￿￿D xqlwv ri wkh ulvn| dvvhw1 Wkh ulvn| dvvhw lv pruh
dwwudfwlyh wr wkh eruurzhu wkrxjk1 Zlwk wkh vdih dvvhw wkh eruurzhu rewdlqv
f￿￿. dqg wkh ohqghu rewdlqv ￿￿￿￿1 Zlwk wkh ulvn| dvvhw wkh eruurzhu rewdlqv
f￿S. zkloh wkh ohqghu rewdlqv f￿2D￿￿￿￿￿nf￿.D￿￿￿E￿*￿￿D ￿’￿ ￿D￿f￿S .’f ￿H￿￿
Wkh ulvn ri ghidxow doorzv f￿D lq h{shfwhg ydoxh wr eh vkliwhg iurp wkh ohqghu
wr wkh eruurzhu1 Wklv lv wkh ulvn vkliwlqj sureohp1 Li wkh ohqghu frxog suhyhqw
wkh eruurzhu iurp lqyhvwlqj lq wkh ulvn| dvvhw kh zrxog gr vr exw kh fdqqrw
vlqfh wklv lv xqrevhuydeoh1
Zkdw lv wkh htxloleulxp sulfh ri wkh ulvn| dvvhw jlyhq wklv djhqf| sureohpB
Lq dq htxloleulxp zkhuh wkh vdih dvvhw lv xvhg/ wkh sulfh ri wkh ulvn| dvvhw/
￿/ zloo eh elg xs vlqfh lw lv lq ￿{hg vxsso|/ xqwlo wkh h{shfwhg sur￿w ri
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vr
￿ ’￿ ￿
Wkhuh lv d exeeoh zlwk wkh sulfh ri wkh ulvn| dvvhw deryh wkh ehqfkpdun ri
￿￿D1
Wkh lghd wkdw wkhuh lv d ulvn vkliwlqj sureohp zkhq wkh ohqghu lv xqdeoh
wr revhuyh krz wkh eruurzhu lqyhvwv wkh ixqgv lv qrw qhz +vhh/ h1j1/ Mhqvhq
dqg Phfnolqj +4<:9, dqg Vwljolw} dqg Zhlvv +4<;4,,1 Krzhyhu/ lw kdv qrw
ehhq zlgho| dssolhg lq wkh dvvhw sulflqj olwhudwxuh1 Lqvwhdg ri wkh vwdqgdug
uhvxow lq frusrudwh ￿qdqfh wh{werrnv wkdw ghew0￿qdqfhg ￿upv duh zloolqj
wr dffhsw qhjdwlyh qhw suhvhqw ydoxh lqyhvwphqwv/ wkh pdqlihvwdwlrq ri wkh
djhqf| sureohp khuh lv wkdw wkh ghew0￿qdqfhg lqyhvwruv duh zloolqj wr lqyhvw
lq dvvhwv sulfhg deryh wkhlu ixqgdphqwdo1
:Wkh dprxqw ri ulvn wkdw lv vkliwhg ghshqgv rq krz ulvn| wkh dvvhw lv1
Wkh juhdwhu wkh ulvn wkh juhdwhu wkh srwhqwldo wr vkliw ulvn dqg khqfh wkh
kljkhu wkh sulfh zloo eh1 Wr looxvwudwh wklv frqvlghu wkh suhylrxv h{dpsoh
exw vxssrvh wkh uhwxuq rq wkh ulvn| dvvhw lv d phdq0suhvhuylqj vsuhdg ri wkh
ruljlqdo uhwxuqv1
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Pruh ulvn lv vkliwhg dqg dv d uhvxow wkh sulfh ri wkh ulvn| dvvhw lv elg xs wr
dq hyhq kljkhu ohyho1
Lw lv lqwhuhvwlqj wr qrwh wkdw lq erwk wkh vwrfn pdunhw errp ri wkh 4<53*v
dqg wkh rqh lq wkh 4<<3*v wkh vwrfnv wkdw glg ehvw zhuh ￿kljk0whfk￿ vwrfnv1
Lq wkh 4<53*v lw zdv udglr vwrfnv dqg xwlolwlhv wkdw zhuh wkh vwdu shuiruphuv
+vhh Zklwh +4<<3,,1 Lq wkh 4<<3*v lw zdv whohfrppxqlfdwlrqv/ phgld dqg
hqwhuwdlqphqw dqg whfkqrorj| vwrfnv wkdw glg wkh ehvw1 Lw lv suhflvho| wkhvh
vwrfnv zklfk kdyh wkh prvw xqfhuwdlq sd|r￿v ehfdxvh ri wkh qdwxuh ri wkh
exvlqhvv wkh| duh lq1
Lq wkh htxloleuld frqvlghuhg deryh wkh lqyhvwruv duh lqgl￿huhqw ehwzhhq
lqyhvwlqj lq wkh vdih dqg ulvn| dvvhw1 Vxssrvh iru wkh vdnh ri looxvwudwlrq wkdw
zkhq lqgl￿huhqw kdoi fkrrvh wr lqyhvw lq wkh ulvn| dvvhw dqg kdoi fkrrvh wr
lqyhvw lq wkh vdih dvvhw1
Edqn*v Sd|r￿ ’f ￿Ddf￿2D ￿ ￿￿￿￿ n f￿.D ￿ ￿on f￿Dd￿￿￿￿o
’￿ ￿2￿￿
Li wkh edqnlqj vhfwru lv frpshwlwlyh wklv sd|r￿ zloo eh sdlg rxw wr ghsrvlwruv1
Lq wklv fdvh lw lv wkh ghsrvlwruv wkdw ehdu wkh frvw ri wkh djhqf| sureohp1
;Lq rughu iru wklv doorfdwlrq wr eh ihdvleoh pdunhwv pxvw eh vhjphqwhg1 Wkh
ghsrvlwruv dqg wkh edqnv pxvw qrw kdyh dffhvv wr wkh dvvhwv wkdw wkh lqyhvwruv
zkr eruurz lqyhvw lq1 Fohduo| li wkh| glg wkh| zrxog eh ehwwhu r￿ wr mxvw
lqyhvw lq wkh vdih dvvhw udwkhu wkdq sxw wkhlu prqh| lq wkh edqn ru ohqg wr
wkh lqyhvwruv1
515 Fuhglw dqg Lqwhuhvw Udwh Ghwhuplqdwlrq
Wkh txdqwlw| ri fuhglw dqg wkh lqwhuhvw udwh kdyh vr idu ehhq wdnhq dv h{rjh0
qrxv1 Wkhvh idfwruv duh lqfrusrudwhg lq wkh h{dpsoh qh{w wr looxvwudwh wkh
uhodwlrqvkls ehwzhhq wkh dprxqw ri fuhglw dqg wkh ohyho ri lqwhuhvw udwhv1 Zh
vwduw zlwk wkh vlpsohvw fdvh zkhuh wkh fhqwudo edqn ghwhuplqhv wkh djjuhjdwh
dprxqw ri fuhglw ￿ dydlodeoh wr edqnv1 Lw grhv wklv e| vhwwlqj uhvhuyh uhtxluh0
phqwv dqg ghwhuplqlqj wkh dprxqw ri dvvhwv dydlodeoh iru xvh dv uhvhuyhv1 Iru
hdvh ri h{srvlwlrq zh gr qrw ixoo| prgho wklv surfhvv dqg vlpso| dvvxph wkh
fhqwudo edqn vhwv ￿1 Wkh edqnlqj vhfwru lv frpshwlwlyh1 Wkh qxpehu ri
edqnv lv qrupdol}hg dw ￿ dqg wkh qxpehu ri lqyhvwruv lv dovr qrupdol}hg wr
￿￿ Hdfk lqyhvwru zloo wkhuhiruh eh deoh wr eruurz ￿ iurp hdfk edqn1
Wkh uhwxuq rq wkh vdih dvvhw lv ghwhuplqhg e| wkh pdujlqdo surgxfw ri
fdslwdo lq wkh hfrqrp|1 Wklv lq wxuq ghshqgv rq wkh dprxqw ri wkh frqvxps0
wlrq jrrg % wkdw lv lqyhvwhg dw gdwh ￿ lq wkh hfrqrp|*v surgxfwlyh whfkqrorj|
wr surgxfh sE%￿ xqlwv dw gdwh 21 Wkh wrwdo dprxqw wkdw fdq eh lqyhvwhg lv ￿
dqg wkh dprxqw wkdw lv lqyhvwhg dw gdwh ￿ lq wkh ulvn| dvvhw vlqfh wkhuh lv ￿
xqlw lv ￿￿ Khqfh wkh gdwh ￿ exgjhw frqvwudlqw lpsolhv wkdw
% ’ ￿ ￿ ￿￿
Lw lv dvvxphg
sE%￿’￿ E ￿ ￿ ￿￿
f￿D￿ +4,
Surylghg wkh pdunhw iru ordqv lv frpshwlwlyh wkh lqwhuhvw udwh o z l o oe he l g
xs e| lqyhvwruv xqwlo
o ’ s
￿E￿ ￿ ￿￿’￿ ￿DE￿ ￿ ￿￿
3f￿D￿ +5,
Dw wklv ohyho wkh vdih dvvhw zloo qrw |lhog dq| sur￿wv iru lqyhvwruv1 Li lw zdv
orzhu wkdq wklv wkhuh zrxog eh dq lq￿qlwh ghpdqg iru wkh vdih dvvhw dqg li lw
zdv kljkhu wkdq wklv wkhuh zrxog eh }hur ghpdqg1
<Wkh dprxqw wkh lqyhvwruv zloo eh suhsduhg wr sd| iru wkh ulvn| dvvhw




￿ S ￿ o
￿
nf ￿.D ￿ f’f ￿
Xvlqj +5, lq wklv/
￿ ’ eE￿ ￿ ￿￿
f￿D￿




Zkhq ￿ ’Dwkhq ￿ ’edqg o ’ ￿￿D￿ Wkh uhodwlrqvkls ehwzhhq ￿ dqg ￿ lv
vkrzq e| wkh vrolg olqh lq Iljxuh ￿1 E| frqwuroolqj wkh dprxqw ri fuhglw wkh
fhqwudo edqn frqwurov wkh ohyho ri lqwhuhvw udwhv dqg wkh ohyho ri dvvhw sulfhv1
Qrwh wkdw wklv uhodwlrqvkls lv gl￿huhqw iurp wkdw lq wkh vwdqgdug dvvhw sulflqj





Wklv fdvh lv looxvwudwhg e| wkh grwwhg olqh lq Iljxuh 4￿ D frpsdulvrq ri wkh
wzr fdvhv vkrzv wkdw wkh ixqgdphqwdo lv uhodwlyho| lqvhqvlwlyh wr wkh dprxqw
ri fuhglw frpsduhg wr wkh fdvh zkhuh wkhuh lv dq djhqf| sureohp1 Fkdqjhv lq
djjuhjdwh fuhglw fdq fdxvh uhodwlyho| odujh fkdqjhv lq dvvhw sulfhv zkhq wkhuh
lv dq djhqf| sureohp1
516 Ilqdqfldo Ulvn
Wkh suhylrxv vhfwlrq dvvxphg wkdw wkh fhqwudo edqn frxog ghwhuplqh wkh
dprxqw ri fuhglw ￿1 Lq sudfwlfh wkh fhqwudo edqn kdv olplwhg delolw| wr frqwuro
wkh dprxqw ri fuhglw dqg wklv phdqv ￿ lv udqgrp1 Lq dgglwlrq wkhuh pd|
eh fkdqjhv ri srolf| suhihuhqfhv/ fkdqjhv ri dgplqlvwudwlrq/ dqg fkdqjhv lq
wkh h{whuqdo hqylurqphqw zklfk fuhdwh ixuwkhu xqfhuwdlqw| derxw wkh ohyho ri
￿1 Wklv xqfhuwdlqw| lv sduwlfxoduo| juhdw lq frxqwulhv xqghujrlqj ￿qdqfldo
olehudol}dwlrq1 Lq rughu wr lqyhvwljdwh wkh h￿hfw ri wklv xqfhuwdlqw| dq h{wud
shulrg lv dgghg wr wkh prgho1 Ehwzhhq gdwhv ￿ dqg 2 hyhu|wklqj lv wkh vdph
dv ehiruh1 Ehwzhhq gdwhv f dqg ￿ wkh rqo| xqfhuwdlqw| wkdw lv uhvroyhg lv
derxw wkh ohyho ri ￿ dw gdwh ￿1 Wkxv ehwzhhq gdwhv f dqg ￿ wkhuh lv ￿qdqfldo
xqfhuwdlqw|1 Wkh xqfhuwdlqw| derxw djjuhjdwh fuhglw ￿ dw gdwh ￿ fdxvhv
xqfhuwdlqw| derxw sulfhv dw gdwh ￿￿ Jlyhq wkdw lqyhvwruv duh eruurzlqj iurp
43edqnv dw gdwh f lq wkh vdph zd| dv ehiruh wklv sulfh xqfhuwdlqw| djdlq ohdgv
wr dq djhqf| sureohp dqg ulvn vkliwlqj1 Wkh sulfh ri wkh ulvn| dvvhw dw gdwh
f zloo uh hfw wklv sulfh xqfhuwdlqw| dqg fdq ohdg wkh dvvhw sulfh wr eh hyhq
kljkhu wkdq dw gdwh ￿1
Vxssrvh wkdw wkhuh lv d f￿D suredelolw| wkdw ￿ ’Ddqg d f￿D suredelolw|
wkdw ￿ ’.dw gdwh ￿￿ Wkhq xvlqj +5, dqg +6, wkh sulfhv dqg lqwhuhvw udwhv
duh dv vkrzq lq Wdeoh 61
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Wdnlqj ￿f ’ S dqg vroylqj iru of dqg ￿f jlyhv
of ’￿ ￿￿b
￿f ’e ￿e2￿
Dv zkhq wkh xqfhuwdlqw| lv gxh wr yduldwlrqv lq dvvhw uhwxuqv/ wkh juhdwhu
wkh ￿qdqfldo xqfhuwdlqw| wkh juhdwhu lv ￿f￿ Frqvlghu d phdq suhvhuylqj vsuhdg
rq wkh ￿qdqfldo xqfhuwdlqw| vr wkdw Wdeoh 6 lv uhsodfhg e| Wdeoh 71
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44Lq wklv fdvh lw fdq eh vkrzq
of ’ ￿￿2.
￿f ’e ￿S￿￿
Wkh ulvn vkliwlqj h￿hfw rshudwhv iru ￿qdqfldo ulvn lq wkh vdph zd| dv lw
grhv iru uhdo ulvn1 Dowkrxjk wkh h{shfwhg sd|r￿ dw gdwh 2 lv rqo| 2￿2D wkh sulfh
ri wkh ulvn| dvvhw dw gdwh ￿ lq wkh odvw fdvh lv e￿S￿1 Wkh srvvlelolw| ri fuhglw
h{sdqvlrq ryhu d shulrg ri |hduv pd| fuhdwh d juhdw ghdo ri xqfhuwdlqw| derxw
krz kljk wkh exeeoh pd| jr dqg zkhq lw pd| froodsvh1 Wklv lv sduwlfxoduo|
wuxh zkhq hfrqrplhv duh xqghujrlqj ￿qdqfldo olehudol}dwlrq1 Dv pruh shulrgv
duh dgghg lw lv srvvleoh iru wkh exeeoh wr ehfrph yhu| odujh1 Wkh pdunhw sulfh
fdq eh pxfk juhdwhu wkdq wkh ixqgdphqwdo1
517 Ilqdqfldo Iudjlolw|
Wkh h{dpsohv lq wkh suhylrxv vhfwlrq looxvwudwhg wkdw zkdw lv lpsruwdqw lq
ghwhuplqlqj wkh ulvn| dvvhw*v sulfh dw gdwh f lv h{shfwdwlrqv derxw djjuhjdwh
fuhglw dw gdwh ￿1 Li djjuhjdwh fuhglw jrhv xs wkhq dvvhw sulfhv zloo eh kljk
dqg ghidxow zloo eh dyrlghg1 Krzhyhu/ li djjuhjdwh fuhglw jrhv grzq wkhq
dvvhw sulfhv zloo eh orz dqg ghidxow zloo rffxu1 Wkh lvvxh khuh lv zkdw lv wkh
g|qdplf sdwk ri djjuhjdwh fuhglw1 Wkh srlqw lv wkdw wkh h{shfwdwlrq ri fuhglw
h{sdqvlrq lv douhdg| wdnhq lqwr dffrxqw lq wkh lqyhvwruv* ghflvlrqv derxw krz
pxfk wr eruurz dqg krz pxfk wr sd| iru wkh ulvn| dvvhw1 Li fuhglw h{sdqvlrq
lv ohvv wkdq h{shfwhg/ ru shukdsv vlpso| idoov vkruw ri wkh kljkhvw dqwlflsdwhg
ohyhov/ wkh lqyhvwruv pd| qrw eh deoh wr uhsd| wkhlu ordqv dqg ghidxow rffxuv1
Lq Doohq dqg Jdoh +5333, lw lv vkrzq wkdw hyhq li fuhglw lv dozd|v h{sdqghg
wkhq wkhuh pd| vwloo eh ghidxow1 Lq idfw lw lv vkrzq wkdw wkhuh duh vlwxdwlrqv
zkhuh wkh dprxqw ri fuhglw zloo eh duelwudulo| forvh wr wkh xsshu erxqg ri
zkdw lv dqwlflsdwhg dqg zlghvsuhdg ghidxow lv doprvw lqhylwdeoh1
6 Edqnlqj Fulvhv dqg Qhjdwlyh Exeeohv
Lq wkh suhylrxv vhfwlrq zh irfxvvhg rq krz dvvhw sulfhv frxog jhw wrr kljk
ehfdxvh ri dq djhqf| sureohp ehwzhhq ohqghuv dqg wkh shrsoh pdnlqj lqyhvw0
phqw ghflvlrqv1 Lq wklv vhfwlrq zh frqvlghu zkdw kdsshqv zkhq dvvhw sulfhv
idoo1 Wkh froodsvh frxog eh gxh wr wkh exuvwlqj ri d srvlwlyh exeeoh exw wklv lv
qrw qhfhvvdu|1 Wkh idoo frxog vlpso| eh gxh wr qhz lqirupdwlrq1 Edqnv kdyh
45fodlpv rq dvvhwv hlwkhu gluhfwo| ru lqgluhfwo| e| kdylqj ordqv wr wkh rzqhuv ri
wkh dvvhwv1 Wkh idoo lq dvvhw sulfhv fdq fdxvh vhyhuh sureohpv iru wkh edqnv
ehfdxvh wkh| lvvxh oltxlg oldelolwlhv lq wkh irup ri ghsrvlw frqwudfwv1 Wkhuh
pd| eh d edqnlqj sdqlf ehfdxvh ri wkh idoo lq dvvhw ydoxhv1 Li edqnv duh
vlpxowdqhrxvo| irufhg wr oltxlgdwh dvvhwv dqg wkh pdunhw lv looltxlg wkh sulfh
pd| idoo ehorz zkdw lv mxvwl￿hg e| wkh dvvhw uhwxuqv1 Wklv vhfwlrq frqvlghuv
wklv srvvlelolw|1 Lw lv edvhg rq Doohq dqg Jdoh +4<<;,1
Edqnlqj sdqlfv kdyh d orqj klvwru|1 Wkh Ulnvedqn/ wkh ￿uvw fhqwudo edqn/
zdv irxqghg ryhu wkuhh kxqguhg |hduv djr dqg wklv zdv iroorzhg e| wkh fuh0
dwlrq ri pdq| rwkhu fhqwudo edqnv1 Ryhu wlph rqh ri wkh pdlq urohv ri fhqwudo
edqnv kdv ehhq wr wu| wr holplqdwh sdqlfv1 Wkh gl￿huhqw klvwrulhv ri sdqlfv lq
Hxursh dqg wkh X1V1 surylghv dq lqvljkw lqwr krz wklv uroh ghyhorshg1 Wkh
Edqn ri Hqjodqg sod|hg d sduwlfxoduo| lpsruwdqw sduw lq wklv uhjdug1 Wkh
odvw wuxh sdqlf lq Hqjodqg zdv wkh Ryhuhqg/ Jxuqh| ) Frpsdq| Fulvlv ri
4;991 Wkh whfkqltxhv ghyhorshg vsuhdg wr rwkhu frxqwulhv lq Hxursh dqg wkh
lqflghqfh ri sdqlfv zdv uhgxfhg1
Wkh X1V1 wrrn d gl￿huhqw wdfn1 Doh{dqghu Kdplowrq kdg ehhq lpsuhvvhg
e| wkh h{dpsoh ri wkh Edqn ri Hqjodqg dqg wklv ohg wr wkh vhwwlqj xs ri
wkh Iluvw Edqn ri wkh Xqlwhg Vwdwhv dqg vxevhtxhqwo| wkh Vhfrqg Edqn ri
wkh Xqlwhg Vwdwhv1 Krzhyhu/ diwhu Suhvlghqw Dqguhz Mdfnvrq yhwrhg wkh
uhqhzdo ri wkh Vhfrqg Edqn*v fkduwhu/ wkh X1V1 fhdvhg wr kdyh dq| irup ri
fhqwudo edqn lq 4;691 Edqnlqj fulvhv rffxuuhg uhshdwhgo| lq wkh X1V1 gxulqj
wkh qlqhwhhqwk dqg hduo| wzhqwlhwk fhqwxulhv1 Gxulqj wkh fulvlv ri 4<3: d
Iuhqfk edqnhu frpphqwhg wkdw wkh X1V1 zdv d ￿juhdw ￿qdqfldo qxlvdqfh￿1
Wkh frpphqw uh hfwv wkh idfw wkdw fulvhv kdg ehhq vljql￿fdqwo| uhgxfhg lq
Hxursh dqg lw vhhphg dv wkrxjk wkh X1V1 zdv vx￿hulqj judwxlwrxv fulvhv wkdw
frxog kdyh ehhq suhyhqwhg e| wkh hvwdeolvkphqw ri d fhqwudo edqn1
Wkh Ihghudo Uhvhuyh V|vwhp zdv hyhqwxdoo| hvwdeolvkhg lq 4<471 Lq wkh
ehjlqqlqj lw kdg d ghfhqwudol}hg vwuxfwxuh/ zklfk phdqw wkdw hyhq wklv ghyho0
rsphqw zdv qrw yhu| h￿hfwlyh lq holplqdwlqj fulvhv1 Lq idfw/ pdmru edqnlqj
sdqlfv frqwlqxhg wr rffxu xqwlo wkh uhirupv hqdfwhg diwhu wkh fulvlv ri 4<661 Dw
wkdw srlqw/ wkh Ihghudo Uhvhuyh zdv jlyhq eurdghu srzhuv dqg wklv wrjhwkhu
zlwk wkh lqwurgxfwlrq ri ghsrvlw lqvxudqfh ￿qdoo| ohg wr wkh holplqdwlrq ri
shulrglf edqnlqj fulvhv1
Lq uhfhqw |hduv pdq| frxqwulhv kdyh kdg edqnlqj fulvhv1 Wkhvh lqfoxgh
wkh fdvhv ri Mdsdq/ Qruzd|/ Ilqodqg/ Vzhghq dqg Ph{lfr frqvlghuhg lq wkh
lqwurgxfwlrq1 Pdq| hphujlqj frxqwulhv kdyh dovr kdg vhyhuh edqnlqj fulvhv1
Olqgjuhq/ Jdufld/ dqg Vddo +4<<9, ￿qg wkdw :6 shufhqw ri wkh LPI*v phpehu
46frxqwulhv vx￿huhg vrph irup ri edqnlqj fulvlv ehwzhhq 4<;3 dqg 4<<91
Wkhuh duh wzr wudglwlrqdo ylhzv ri edqnlqj sdqlfv1 Rqh lv wkdw wkh| duh
udqgrp hyhqwv/ xquhodwhg wr fkdqjhv lq wkh uhdo hfrqrp|1 Wkh fodvvlfdo irup
ri wklv ylhz vxjjhvwv wkdw sdqlfv duh wkh uhvxow ri ￿pre sv|fkrorj|￿ ru ￿pdvv
k|vwhuld￿ +vhh/ h1j1/ Nlqgohehujhu +4<:;,,1 Wkh prghuq yhuvlrq/ ghyhorshg e|
Gldprqg dqg G|eylj +4<;6, dqg rwkhuv/ lv wkdw edqn uxqv duh vhoi0ixo￿oolqj
surskhflhv1 Jlyhq wkh dvvxpswlrq ri ￿uvw0frph/ ￿uvw0vhuyhg dqg frvwo| oltxl0
gdwlrq ri vrph dvvhwv wkhuh duh pxowlsoh htxloleuld1 Li hyhu|rqh eholhyhv wkdw
d edqnlqj sdqlf lv derxw wr rffxu/ lw lv rswlpdo iru hdfk lqglylgxdo wr wu| wr
zlwkgudz klv ixqgv1 Vlqfh hdfk edqn kdv lqvx!flhqw oltxlg dvvhwv wr phhw doo
ri lwv frpplwphqwv/ lw zloo kdyh wr oltxlgdwh vrph ri lwv dvvhwv dw d orvv1 Jlyhq
￿uvw0frph/ ￿uvw0vhuyhg/ wkrvh ghsrvlwruv zkr zlwkgudz lqlwldoo| zloo uhfhlyh
pruh wkdq wkrvh zkr zdlw1 Rq wkh rqh kdqg/ dqwlflsdwlqj wklv/ doo ghsrvlwruv
kdyh dq lqfhqwlyh wr zlwkgudz lpphgldwho|1 Rq wkh rwkhu kdqg/ li qr rqh
eholhyhv d edqnlqj sdqlf lv derxw wr rffxu/ rqo| wkrvh zlwk lpphgldwh qhhgv
iru oltxlglw| zloo zlwkgudz wkhlu ixqgv1 Dvvxplqj wkdw edqnv kdyh vx!flhqw
oltxlg dvvhwv wr phhw wkhvh ohjlwlpdwh ghpdqgv/ wkhuh zloo eh qr sdqlf1 Zklfk
ri wkhvh wzr htxloleuld rffxuv ghshqgv rq h{wudqhrxv yduldeohv ru ￿vxqvsrwv￿1
Dowkrxjk ￿vxqvsrwv￿ kdyh qr h￿hfw rq wkh uhdo gdwd ri wkh hfrqrp|/ wkh|
d￿hfw ghsrvlwruv* eholhiv lq d zd| wkdw wxuqv rxw wr eh vhoi0ixo￿oolqj1
Dq dowhuqdwlyh wr wkh ￿vxqvsrw￿ ylhz lv wkdw edqnlqj sdqlfv duh d qdwxudo
rxwjurzwk ri wkh exvlqhvv f|foh1 Dq hfrqrplf grzqwxuq zloo uhgxfh wkh
ydoxh ri edqn dvvhwv/ udlvlqj wkh srvvlelolw| wkdw edqnv duh xqdeoh wr phhw
wkhlu frpplwphqwv1 Li ghsrvlwruv uhfhlyh lqirupdwlrq derxw dq lpshqglqj
grzqwxuq lq wkh f|foh/ wkh| zloo dqwlflsdwh ￿qdqfldo gl!fxowlhv lq wkh edqnlqj
vhfwru dqg wu| wr zlwkgudz wkhlu ixqgv1 Wklv dwwhpsw zloo suhflslwdwh wkh
fulvlv1 Dffruglqj wr wklv lqwhusuhwdwlrq/ sdqlfv duh qrw udqgrp hyhqwv exw d
uhvsrqvh wr xqiroglqj hfrqrplf flufxpvwdqfhv1 Plwfkhoo +4<74,/ iru h{dpsoh/
zulwhv +s1:7,
￿zkhq survshulw| phujhv lqwr fulvlv 111 khdy| idloxuhv duh olnho|
wr rffxu/ dqg qr rqh fdq whoo zkdw hqwhusulvhv zloo eh fulssohg
e| wkhp1 Wkh rqh fhuwdlqw| lv wkdw wkh edqnv kroglqj wkh sdshu
ri edqnuxsw ￿upv zloo vx￿hu ghod| dqg shukdsv d vhulrxv orvv rq
froohfwlrq1￿
Lq rwkhu zrugv/ sdqlfv duh dq lqwhjudo sduw ri wkh exvlqhvv f|foh1
Jruwrq +4<;;, frqgxfwv dq hpslulfdo vwxg| ri wkh sdqlfv wkdw rffxuuhg
lq wkh X1V1 gxulqj wkh Qdwlrqdo Edqnlqj Hud +4;9804<47, wr gl￿huhqwldwh
47ehwzhhq wkh ￿vxqvsrw￿ ylhz dqg wkh exvlqhvv0f|foh ylhz ri edqnlqj sdqlfv1
Kh ￿qgv hylghqfh zklfk lv frqvlvwhqw zlwk wkh ylhz wkdw edqnlqj sdqlfv duh
uhodwhg wr wkh exvlqhvv f|foh dqg zklfk lv gl!fxow wr uhfrqfloh zlwk wkh qrwlrq
ri sdqlfv dv ￿udqgrp￿ hyhqwv1 Wkh ￿yh zruvw uhfhvvlrqv zhuh dffrpsdqlhg
e| sdqlfv1 Lq doo/ sdqlfv rffxuuhg lq vhyhq rxw ri wkh hohyhq f|fohv1 Xvlqj wkh
oldelolwlhv ri idlohg exvlqhvvhv dv d ohdglqj hfrqrplf lqglfdwru/ Jruwrq ￿qgv
wkdw sdqlfv zhuh v|vwhpdwlf hyhqwv= zkhqhyhu wklv ohdglqj hfrqrplf lqglfdwru
uhdfkhg d fhuwdlq wkuhvkrog/ d sdqlf hqvxhg1 Wkh vw|ol}hg idfwv xqfryhuhg e|
Jruwrq wkxv vxjjhvw edqnlqj sdqlfv duh lqwlpdwho| uhodwhg wr wkh vwdwh ri wkh
exvlqhvv f|foh udwkhu wkdq vrph h{wudqhrxv udqgrp yduldeoh1 Fdorplulv dqg
Jruwrq +4<<4, frqvlghu d eurdg udqjh ri hylghqfh dqg frqfoxgh wkdw wkh gdwd
grhv qrw vxssruw wkh ￿vxqvsrw￿ ylhz wkdw edqnlqj sdqlfv duh udqgrp hyhqwv1
Dq lpsruwdqw ihdwxuh ri pdq| ri wkh klvwrulf dqg uhfhqw edqnlqj fulvhv
lv wkh froodsvh lq dvvhw sulfhv wkdw dffrpsdqlhv wkhp1 Wkh sxusrvh ri wklv
vhfwlrq lv wr frqvlghu wklv skhqrphqrq1 Zh vwduw e| ghyhorslqj d vlpsoh
prgho ri edqnlqj sdqlfv dqg ghulyh wkh rswlpdo doorfdwlrq ri uhvrxufhv1 Zh
wkhq vkrz krz d edqnlqj v|vwhp fdq lpsohphqw wklv doorfdwlrq surylghg wkhuh
lv qr pdunhw iru ulvn| dvvhwv1 Li vxfk d pdunhw lv lqwurgxfhg wkh doorfdwlrq
lv qr orqjhu h!flhqw1 Wkh vlpxowdqhrxv oltxlgdwlrq ri doo edqnv* dvvhwv wkdw
dffrpsdqlhv d fulvlv ohdgv wr d qhjdwlyh exeeoh dqg lqh!flhqw ulvn vkdulqj1
Krzhyhu/ e| dgrswlqj dq dssursuldwh prqhwdu| srolf| d fhqwudo edqn fdq
lpsohphqw wkh rswlpdo doorfdwlrq1
614 Wkh prgho
Wlph lv glylghg lqwr wkuhh shulrgv | ’ fc￿c21 Wkhuh duh wzr w|shv ri dvvhwv/
d vdih dvvhw dqg d ulvn| dvvhw/ dqg d frqvxpswlrq jrrg1 Wkh vdih dvvhw
fdq eh wkrxjkw ri dv d vwrudjh whfkqrorj|/ zklfk wudqvirupv rqh xqlw ri wkh
frqvxpswlrq jrrg dw gdwh | lqwr rqh xqlw ri wkh frqvxpswlrq jrrg dw gdwh
| n￿ 1 Wkh ulvn| dvvhw lv uhsuhvhqwhg e| d vwrfkdvwlf surgxfwlrq whfkqrorj|
wkdw wudqvirupv rqh xqlw ri wkh frqvxpswlrq jrrg dw gdwh | ’flqwr -
xqlwv ri wkh frqvxpswlrq jrrg dw gdwh | ’2 / zkhuh - lv d qrqqhjdwlyh
udqgrp yduldeoh zlwk d ghqvlw| ixqfwlrq sE-￿1 Dw gdwh ￿ ghsrvlwruv revhuyh
d vljqdo/ zklfk fdq eh wkrxjkw ri dv d ohdglqj hfrqrplf lqglfdwru/ vlploduo|
wr Jruwrq +4<;;,1 Wklv vljqdo suhglfwv zlwk shuihfw dffxudf| wkh ydoxh ri
- wkdw zloo eh uhdol}hg dw gdwh 21 Lqlwldoo| lw lv dvvxphg wkdw frqvxpswlrq
fdq eh pdgh frqwlqjhqw rq wkh ohdglqj hfrqrplf lqglfdwru/ dqg khqfh rq
-1 Vxevhtxhqwo|/ zh frqvlghu zkdw kdsshqv zkhq edqnv duh uhvwulfwhg wr
48r￿hulqj ghsrvlwruv d vwdqgdug ghsrvlw frqwudfw/ wkdw lv/ d frqwudfw zklfk lv
qrw h{solflwo| frqwlqjhqw rq wkh ohdglqj hfrqrplf lqglfdwru1
Wkhuh lv d frqwlqxxp ri h{ dqwh lghqwlfdo ghsrvlwruv +frqvxphuv, zkr
kdyh dq hqgrzphqw ri wkh frqvxpswlrq jrrg dw wkh ￿uvw gdwh dqg qrqh
dw wkh vhfrqg dqg wklug gdwhv1 Frqvxphuv duh xqfhuwdlq derxw wkhlu wlph
suhihuhqfhv1 Vrph zloo eh hduo| frqvxphuv/ zkr rqo| zdqw wr frqvxph dw
gdwh 4/ dqg vrph zloo eh odwh frqvxphuv/ zkr rqo| zdqw wr frqvxph dw gdwh 21
Dw gdwh f frqvxphuv nqrz wkh suredelolw| ri ehlqj dq hduo| ru odwh frqvxphu/
exw wkh| gr qrw nqrz zklfk jurxs wkh| ehorqj wr1 Doo xqfhuwdlqw| lv uhvroyhg
dw gdwh ￿ zkhq hdfk frqvxphu ohduqv zkhwkhu kh lv dq hduo| ru odwh frqvxphu
dqg zkdw wkh uhwxuq rq wkh ulvn| dvvhw lv jrlqj wr eh1 Iru vlpsolflw|/ zh
dvvxph wkdw wkhuh duh htxdo qxpehuv ri hduo| dqg odwh frqvxphuv dqg wkdw
hdfk frqvxphu kdv dq htxdo fkdqfh ri ehorqjlqj wr hdfk jurxs1 Wkhq d
w|slfdo frqvxphu*v xwlolw| ixqfwlrq fdq eh zulwwhq dv
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zkhuh S| ghqrwhv frqvxpswlrq dw gdwh | ’ ￿c21 Wkh shulrg xwlolw| ixqf0
wlrqv ￿E￿￿ duh dvvxphg wr eh wzlfh frqwlqxrxvo| gl￿huhqwldeoh/ lqfuhdvlqj dqg
vwulfwo| frqfdyh1 D frqvxphu*v w|sh lv qrw revhuydeoh/ vr odwh frqvxphuv fdq
dozd|v lplwdwh hduo| frqvxphuv1 Wkhuhiruh/ frqwudfwv h{solflwo| frqwlqjhqw
rq wklv fkdudfwhulvwlf duh qrw ihdvleoh1
Wkh uroh ri edqnv lv wr pdnh lqyhvwphqwv rq ehkdoi ri frqvxphuv1 Zh
dvvxph wkdw rqo| edqnv fdq glvwlqjxlvk wkh jhqxlqh ulvn| dvvhwv iurp dvvhwv
wkdw kdyh qr ydoxh1 Dq| frqvxphu zkr wulhv wr sxufkdvh wkh ulvn| dvvhw idfhv
dq h{wuhph dgyhuvh vhohfwlrq sureohp/ vr lq sudfwlfh rqo| edqnv zloo krog
wkh ulvn| dvvhw1 Wklv jlyhv wkh edqn dq dgydqwdjh ryhu frqvxphuv lq wzr
uhvshfwv1 Iluvw/ wkh edqnv fdq krog d sruwirolr frqvlvwlqj ri erwk w|shv ri
dvvhwv/ zklfk zloo w|slfdoo| eh suhihuuhg wr d sruwirolr frqvlvwlqj ri wkh vdih
dvvhw dorqh1 Vhfrqgo|/ e| srrolqj wkh dvvhwv ri d odujh qxpehu ri frqvxphuv/
wkh edqn fdq r￿hu lqvxudqfh wr frqvxphuv djdlqvw wkhlu xqfhuwdlq oltxlglw|
ghpdqgv/ jlylqj wkh hduo| frqvxphuv vrph ri wkh ehqh￿wv ri wkh kljk0|lhoglqj
ulvn| dvvhw zlwkrxw vxemhfwlqj wkhp wr wkh yrodwlolw| ri wkh dvvhw pdunhw1
Iuhh hqwu| lqwr wkh edqnlqj lqgxvwu| irufhv edqnv wr frpshwh e| r￿hulqj
ghsrvlw frqwudfwv wkdw pd{lpl}h wkh h{shfwhg xwlolw| ri wkh frqvxphuv1 Wkxv/
wkh ehkdylru ri wkh edqnlqj lqgxvwu| fdq eh uhsuhvhqwhg e| dq rswlpdo ulvn0
vkdulqj sureohp1 D ydulhw| ri gl￿huhqw ulvn vkdulqj sureohpv fdq eh xvhg
wr uhsuhvhqw gl￿huhqw dvvxpswlrqv derxw wkh lqirupdwlrqdo dqg uhjxodwru|
hqylurqphqw1
49615 Rswlpdo Ulvn Vkdulqj
Lqlwldoo| frqvlghu wkh fdvh zkhuh edqnv fdq zulwh frqwudfwv lq zklfk wkh
dprxqw wkdw fdq eh zlwkgudzq dw hdfk gdwh lv frqwlqjhqw rq -1 Wklv surylghv
d ehqfkpdun iru rswlpdo ulvn vkdulqj1 Vlqfh wkh ulvn| dvvhw uhwxuq lv qrw
nqrzq xqwlo wkh vhfrqg gdwh/ wkh sruwirolr fkrlfh lv lqghshqghqw ri -/ exw
wkh sd|phqwv wr hduo| dqg odwh frqvxphuv/ zklfk rffxu diwhu - lv uhyhdohg/
zloo ghshqg rq lw1 Ohw . ghqrwh wkh frqvxphuv* wrwdo hqgrzphqw ri wkh
frqvxpswlrq jrrg dw gdwh f dqg ohw f dqg u ghqrwh wkh uhsuhvhqwdwlyh
edqn*v kroglqj ri wkh ulvn| dqg vdih dvvhwv/ uhvshfwlyho|1 Wkh ghsrvlw frqwudfw
fdq eh uhsuhvhqwhg e| d sdlu ri ixqfwlrqv/ S￿E-￿ dqg S2E-￿ zklfk jlyh wkh
frqvxpswlrq ri hduo| dqg odwh frqvxphuv frqglwlrqdo rq wkh uhwxuq wr wkh
ulvn| dvvhw1
Wkh rswlpdo ulvn0vkdulqj sureohp fdq eh zulwwhq dv iroorzv1
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Wkh ￿uvw frqvwudlqw vd|v wkdw wkh wrwdo dprxqw lqyhvwhg pxvw eh ohvv wkdq
ru htxdo wr wkh dprxqw ghsrvlwhg1 Wkhuh lv qr orvv ri jhqhudolw| lq dvvxplqj
wkdw frqvxphuv ghsrvlw wkhlu hqwluh zhdowk zlwk wkh edqn/ vlqfh dq|wklqj
wkh| fdq gr wkh edqn fdq gr iru wkhp1 Wkh vhfrqg frqvwudlqw vd|v wkdw wkh
kroglqj ri wkh vdih dvvhw pxvw eh vx!flhqw wr surylgh iru wkh frqvxpswlrq
ri wkh hduo| frqvxphuv dw gdwh ￿1 Wkh edqn pd| zdqw wr krog vwulfwo| pruh
wkdq wklv dprxqw dqg uroo lw ryhu wr wkh ￿qdo shulrg/ lq rughu wr uhgxfh
wkh xqfhuwdlqw| ri wkh odwh frqvxphuv1 Wkh qh{w frqvwudlqw/ wrjhwkhu zlwk
wkh suhfhglqj rqh/ vd|v wkdw wkh frqvxpswlrq ri wkh odwh frqvxphuv fdqqrw
h{fhhg wkh wrwdo ydoxh ri wkh ulvn| dvvhw soxv wkh dprxqw ri wkh vdih dvvhw ohiw
ryhu diwhu wkh hduo| frqvxphuv duh sdlg r￿/ wkdw lv/
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Wkh ￿qdo frqvwudlqw lv wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw1 Lw vd|v wkdw iru
hyhu| ydoxh ri -/ wkh odwh frqvxphuv pxvw eh dw ohdvw dv zhoo r￿ dv wkh hduo|
frqvxphuv1 Vlqfh odwh frqvxphuv duh sdlg r￿ dw gdwh 2/ dq hduo| frqvxphu
fdqqrw lplwdwh d odwh frqvxphu1 Krzhyhu/ d odwh frqvxphu fdq lplwdwh dq
hduo| frqvxphu/ rewdlq S￿E-￿ dw gdwh ￿/ dqg xvh wkh vwrudjh whfkqrorj| wr
4:surylgh klpvhoi zlwk S￿E-￿ xqlwv ri frqvxpswlrq dw gdwh 21 Lw zloo eh rswlpdo
wr gr wklv xqohvv S￿E-￿ ￿ S2E-￿ iru hyhu| ydoxh ri -1
Wkh iroorzlqj dvvxpswlrqv duh pdlqwdlqhg wkurxjkrxw wkh sdshu wr hqvxuh
lqwhulru rswlpd1 Wkh suhihuhqfhv dqg whfkqrorj| duh dvvxphg wr vdwlvi| wkh
lqhtxdolwlhv





Wkh ￿uvw lqhtxdolw| hqvxuhv d srvlwlyh dprxqw ri wkh ulvn| dvvhw lv khog zkloh
wkh vhfrqg hqvxuhv d srvlwlyh dprxqw ri wkh vdih dvvhw lv khog1
Dq h{dplqdwlrq ri wkh rswlpdo ulvn0vkdulqj sureohp vkrzv xv wkdw wkh
lqfhqwlyh frqvwudlqw +ly, fdq eh glvshqvhg zlwk1 Wr vhh wklv/ vxssrvh wkdw
zh vroyh wkh sureohp vxemhfw wr wkh ￿uvw wkuhh frqvwudlqwv rqo|1 D qhfhvvdu|
frqglwlrq iru dq rswlpxp lv wkdw wkh frqvxpswlrq ri wkh wzr w|shv eh htxdo/
xqohvv wkh ihdvlelolw| frqvwudlqw S￿E-￿ ￿ u lv elqglqj/ lq zklfk fdvh lw iroorzv
iurp wkh ￿uvw rughu0frqglwlrqv wkdw S￿E-￿’u ￿ S2E-￿1 Wkxv/ wkh lqfhqwlyh
frqvwudlqw zloo dozd|v eh vdwlv￿hg li zh rswlpl}h vxemhfw wr wkh ￿uvw wkuhh
frqvwudlqwv rqo| dqg wkh vroxwlrq wr +8, lv wkh ￿uvw0ehvw doorfdwlrq1
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+Vhh Doohq dqg Jdoh +4<<;, iru d irupdo ghulydwlrq ri wklv,1
Wkh rswlpdo doorfdwlrq lv looxvwudwhg lq Iljxuh 51 Zkhq wkh vljqdo dw gdwh
￿ lqglfdwhv wkdw - ’fdw gdwh 2/ erwk wkh hduo| dqg odwh frqvxphuv uhfhlyh
u*2 vlqfh u lv doo wkdw lv dydlodeoh dqg lw lv h!flhqw wr htxdwh frqvxpswlrq
jlyhq wkh irup ri wkh remhfwlyh ixqfwlrq1 Wkh hduo| frqvxphuv frqvxph wkhlu
vkduh dw gdwh ￿ zlwk wkh uhpdlqlqj u*2 fduulhg ryhu xqwlo gdwh 2 iru wkh
odwh frqvxphuv1 Dv - lqfuhdvhv erwk jurxsv fdq frqvxph pruh1 Surylghg
- ￿ u*f ￿ - wkh rswlpdo doorfdwlrq lqyroyhv fduu|lqj ryhu vrph ri wkh
oltxlg dvvhw wr gdwh 2 wr vxssohphqw wkh orz uhwxuqv rq wkh ulvn| dvvhw iru
odwh frqvxphuv1 Zkhq wkh vljqdo lqglfdwhv wkdw - zloo eh kljk dw gdwh 2 +l1h1
- :u * f￿ -,/ wkhq hduo| frqvxphuv vkrxog frqvxph dv pxfk dv srvvleoh
4;dw gdwh ￿ zklfk lv u vlqfh frqvxpswlrq dw gdwh 2 zloo eh kljk lq dq| fdvh1
Lghdoo|/ wkh kljk gdwh 2 rxwsxw zrxog eh vkduhg zlwk wkh hduo| frqvxphuv dw
gdwh ￿/ exw wklv lv qrw whfkqrorjlfdoo| ihdvleoh1 Lw lv rqo| srvvleoh wr fduu|
iruzdug frqvxpswlrq/ qrw eulqj lw edfn iurp wkh ixwxuh1
Wr looxvwudwh wkh rshudwlrq ri wkh rswlpdo frqwudfw/ zh dgrsw wkh iroorzlqj
qxphulfdo h{dpsoh1




￿*￿ iru f ￿ - ￿ ￿
f rwkhuzlvh
￿
Iru wkhvh sdudphwhuv/ lw fdq uhdglo| eh vkrzq wkdw Eucf￿’E ￿ ￿￿bcf￿H￿￿ dqg
7 - ’￿ ￿e.1 Wkh ohyho ri h{shfwhg xwlolw| dfklhyhg lv HLES￿cS 2￿’f ￿2D1
616 Rswlpdo Ghsrvlw Frqwudfwv
Vxssrvh qh{w wkdw frqwudfwv fdq*w eh h{solflwo| frqglwlrqhg rq - dqg frqvlghu
wkh doorfdwlrq wkdw fdq eh dfklhyhg zlwk ghsrvlw frqwudfwv1 Xqolnh Gldprqg
dqg G|eylj +4<;6, zh gr qrw dvvxph ￿uvw0frph/ ￿uvw0vhuyhg1 Wklv kdv ehhq
wkh vxemhfw ri vrph ghedwh lq wkh olwhudwxuh dv lw lv qrw dq rswlpdo duudqjh0
phqw lq wkh edvlf Gldprqg0G|eylj prgho +vhh Zdoodfh +4<;;, dqg Fdorplulv
dqg Ndkq +4<<4,,1 Lq d qxpehu ri frxqwulhv dqg klvwrulfdo wlph shulrgv
edqnv kdyh kdg wkh uljkw wr ghod| sd|phqw iru vrph wlph shulrg rq fhuwdlq
w|shv ri dffrxqw1 Wklv duudqjhphqw grhv qrw fruuhvsrqg wr wkh ￿uvw0frph/
￿uvw0vhuyhg dvvxpswlrq1 Vsudjxh +4<43, uhfrxqwv krz lq wkh X1V1 lq wkh odwh
qlqhwhhqwk fhqwxu| shrsoh frxog rewdlq oltxlglw| rqfh d sdqlf kdg vwduwhg e|
xvlqj fhuwl￿hg fkhfnv1 Wkhvh fkhfnv wudghg dw d glvfrxqw1 Zh prgho wklv
w|sh ri vlwxdwlrq e| dvvxplqj wkh dydlodeoh oltxlglw| lv vsolw rq dq htxdo edvlv
dprqj wkrvh zlwkgudzlqj hduo|1 Lq rxu frqwh{w wklv duudqjhphqw lv rswlpdo1
Zh dovr dvvxph wkdw wkrvh zkr gr qrw zlwkgudz hduo| kdyh wr zdlw vrph
wlph ehiruh wkh| fdq rewdlq wkhlu ixqgv dqg djdlq zkdw lv dydlodeoh lv vsolw
ehwzhhq wkhp rq dq htxdo edvlv1
Ohw 7 S ghqrwh wkh ￿{hg sd|phqw surplvhg wr wkh hduo| frqvxphuv1 Vlqfh wkh
edqnlqj vhfwru lv frpshwlwlyh dqg wkh remhfwlyh ri wkh edqn lv wr pd{lpl}h
wkh h{shfwhg xwlolw| ri ghsrvlwruv wkh odwh frqvxphuv zloo dozd|v eh sdlg
zkdwhyhu lv dydlodeoh dw wkh odvw gdwh1 Wkhq wkh vwdqgdug ghsrvlw frqwudfw
surplvhv wkh hduo| frqvxphuv hlwkhu 7 S ru/ li wkdw lv lqihdvleoh/ dq htxdo vkduh
4<ri wkh oltxlg dvvhwv u/ zkhuh lw kdv wr eh eruqh lq plqg wkdw vrph ri wkh odwh
frqvxphuv pd| zdqw wr zlwkgudz hduo| dv zhoo1 Lq wkdw fdvh/ lq htxloleulxp
wkh hduo| dqg odwh frqvxphuv zloo kdyh wkh vdph frqvxpswlrq1
Ohw kE-￿ eh wkh sursruwlrq ri odwh frqvxphuv zkr zlwkgudz hduo|1 Qrz
S￿E-￿ ghqrwhv wkh htxloleulxp frqvxpswlrq ohyho ri wkh hduo| frqvxphuv dqg
S2￿E-￿ dqg S22E-￿ ghqrwh wkh htxloleulxp frqvxpswlrq ohyhov ri wkh hduo| dqg
odwh zlwkgudzlqj odwh frqvxphuv/ uhvshfwlyho|1
Li - lv kljk dqg lq sduwlfxodu vxfk wkdw S￿E-￿’S ￿ S2E-￿’un-f ￿S
wkhuh lv qr uxq dqg lq htxloleulxp
S￿E-￿’S￿
Zkhq - lv vx!flhqwo| orz wkdw li doo hduo| frqvxphuv uhfhlyhg S wkhq S￿E-￿’
S:S 2E-￿’u n -f ￿ S wkhq wkhuh lv d uxq1 D sursruwlrq kE-￿ ri wkh
odwh frqvxphuv zlwkgudz hduo| dv zhoo dv wkh phdvxuh ￿ ri hduo| frqvxphuv1
Wkhvh hduo| zlwkgudzlqj shrsoh kdyh wkh oltxlg dvvhwv u glylghg dprqj wkhp





Wkh ￿ ￿ kE-￿ odwh frqvxphuv zkr ohdyh wkhlu ixqgv lq wkh edqn kdyh wkh





Lq htxloleulxp wkh odwh frqvxphuv pxvw eh lqgl￿huhqw ehwzhhq zlwkgudzlqj








Wklv ghwhuplqhv wkh sursruwlrq kE-￿ zkr zloo zlwkgudz lq htxloleulxp jlyhq
f dqg u￿
Wkh xvh ri d ghsrvlw frqwudfw ri wkh w|sh frqvlghuhg phdqv wkdw lq dggl0
wlrq wr frqvwudlqwv +l,0+ly, lq +8, wkhuh lv wkh dgglwlrqdo frqvwudlqw wkdw
+y, S￿E-￿ ￿ 7 S dqg S￿E-￿’S2￿E-￿’S22E-￿ li S￿E-￿ ￿ 7 S￿
Dq lqvshfwlrq ri +<,0+45, vkrzv wkdw e| sxwwlqj 7 S ’ u wkh ￿uvw0ehvw vroxwlrq
fdq eh lpsohphqwhg e| d ghsrvlw frqwudfw1 Lq rwkhu zrugv/ wr dfklhyh wkh
53rswlpxp/ zh plqlpl}h wkh dprxqw ri wkh oltxlg dvvhw/ kroglqj rqo| zkdw lv
qhfhvvdu| wr phhw wkh surplvhg sd|phqw iru wkh hduo| frqvxphuv/ dqg doorz
edqn uxqv wr dfklhyh wkh rswlpdo vkdulqj ri ulvn ehwzhhq wkh hduo| dqg odwh
frqvxphuv1
Wkh rswlpdo ghsrvlw frqwudfw lv looxvwudwhg e| Iljxuh 5 zlwk 7 S ’ u1I r u
-￿- wkh rswlpdo ghjuhh ri ulvn vkdulqj lv dfklhyhg e| lqfuhdvlqj kE-￿
wr rqh dv - idoov wr }hur1 Wkh pruh odwh frqvxphuv zkr zlwkgudz dw gdwh 4
wkh ohvv hdfk shuvrq zlwkgudzlqj uhfhlyhv1 Hduo|0zlwkgudzlqj odwh frqvxphuv
krog wkh vdih dvvhw rxwvlgh wkh edqnlqj v|vwhp1 Wkh uhwxuq iurp grlqj wklv lv
h{dfwo| wkh vdph dv wkh uhwxuq rq kroglqj dvvhwv zlwklq wkh edqnlqj v|vwhp1
Wkh vroxwlrq wr wkh qxphulfdo h{dpsoh lqwurgxfhg deryh lv xqfkdqjhg zlwk
7 S ’￿ ￿￿b1 Zkhq - ’￿ ckE-￿’f ￿￿b/ dqg zkhq - ’f ￿DckE-￿’f ￿eb1
Wkh wrwdo looltxlglw| ri wkh ulvn| dvvhw sod|v dq lpsruwdqw htxloleudwlqj
uroh lq wklv yhuvlrq ri wkh prgho1 Ehfdxvh wkh ulvn| dvvhw fdqqrw eh oltxlgdwhg
dw gdwh ￿/ wkhuh lv dozd|v vrphwklqj ohiw wr sd| wkh odwh zlwkgudzhuv dw gdwh
21 Iru wklv uhdvrq/ edqn uxqv duh w|slfdoo| sduwldo/ wkdw lv/ wkh| lqyroyh rqo|
d iudfwlrq ri wkh odwh frqvxphuv/ xqolnh wkh Gldprqg0G|eylj +4<;6, prgho
lq zklfk d edqn uxq lqyroyhv doo wkh odwh frqvxphuv1 Dv orqj dv wkhuh lv d
srvlwlyh ydoxh ri wkh ulvn| dvvhw -f:f/ wkhuh pxvw eh d srvlwlyh iudfwlrq
￿ ￿ kE-￿ : f ri odwh frqvxphuv zkr zdlw xqwlo wkh odvw shulrg wr zlwkgudz1
Rwkhuzlvh wkh frqvxpswlrq ri wkh odwh zlwkgudzhuv S22E-￿’-f*E￿￿kE-￿￿
zrxog eh lq￿qlwh1 Dvvxplqj wkdw frqvxpswlrq lv srvlwlyh lq erwk shulrgv/
dq lqfuhdvh lq kE-￿ pxvw udlvh frqvxpswlrq dw gdwh 2 dqg orzhu lw dw gdwh
￿1 Wkxv/ zkhq d edqn uxq rffxuv lq htxloleulxp/ wkhuh zloo eh d xqltxh
ydoxh ri kE-￿ ￿ ￿ wkdw htxdwhv wkh frqvxpswlrq ri hduo|0zlwkgudzlqj dqg
odwh0zlwkgudzlqj frqvxphuv1
617 Dq Dvvhw Pdunhw
Lq wklv vhfwlrq/ zh lqwurgxfh d frpshwlwlyh dvvhw pdunhw lq zklfk wkh ulvn|
dvvhw fdq eh wudghg1 Wkh sduwlflsdqwv lq wkh pdunhw duh wkh edqnv/ zkr xvh
lw wr rewdlq oltxlglw|/ dqg d odujh qxpehu ri zhdowk|/ ulvn0qhxwudo vshfxodwruv
zkr krsh wr pdnh d sur￿w lq fdvh vrph edqn kdv wr vhoo r￿ dvvhwv fkhdso|
wr jhw oltxlglw|1 Wkh vshfxodwruv krog vrph fdvk +wkh vdih dvvhw, lq rughu
wr sxufkdvh wkh ulvn| dvvhw zkhq lwv sulfh dw gdwh ￿ lv vx!flhqwo| orz1 Wkh
uhwxuq rq wkh fdvk lv orz/ exw lw lv r￿vhw e| wkh survshfw ri vshfxodwlyh sur￿wv
zkhq wkh sulfh ri wkh ulvn| dvvhw idoov ehorz lwv ixqgdphqwdo ydoxh1 Vxssrvh
wkh ulvn qhxwudo vshfxodwruv krog vrph sruwirolr Eurcfr￿1 Wkh| fdqqrw vkruw
54vhoo ru eruurz1 Lq htxloleulxp wkh| zloo eh lqgl￿huhqw ehwzhhq wkh sruwirolr
Eurcfr￿ dqg sxwwlqj doo wkhlu prqh| lq wkh ulvn| dvvhw1
Wkh lpsdfw ri lqwurgxflqj wkh dvvhw pdunhw fdq eh looxvwudwhg xvlqj Iljxuh
61 Wkh judskv lq wklv ￿jxuh uhsuhvhqw wkh htxloleulxp frqvxpswlrq ohyhov ri
hduo| dqg odwh frqvxphuv/ uhvshfwlyho|/ dv d ixqfwlrq ri wkh ulvn| dvvhw uhwxuq
-1 Iru kljk ydoxhv ri - +l1h1/ - ￿ -W,/ wkhuh lv qr srvvlelolw| ri d edqn
uxq1 Wkh frqvxpswlrq ri hduo| frqvxphuv lv ￿{hg e| wkh vwdqgdug ghsrvlw
frqwudfw dw S￿E-￿’7 S dqg wkh frqvxpswlrq ri odwh frqvxphuv lv jlyhq e| wkh
exgjhw frqvwudlqw S2E-￿’u n -f ￿ 7 S1 Iru orzhu ydoxhv ri - +- ￿- W,/ lw
lv lpsrvvleoh wr sd| wkh hduo| frqvxphuv wkh ￿{hg dprxqw 7 S surplvhg e| wkh
vwdqgdug ghsrvlw frqwudfw zlwkrxw ylrodwlqj wkh odwh frqvxphuv* lqfhqwlyh
frqvwudlqw dqg d edqn uxq lqhylwdeo| hqvxhv1 Krzhyhu/ wkhuh fdqqrw eh d
sduwldo uxq1 Wkh whupv ri wkh vwdqgdug ghsrvlw frqwudfw uhtxluh wkh edqn
wr oltxlgdwh doo ri lwv dvvhwv dw wkh vhfrqg gdwh li lw fdqqrw sd| 7 S wr hyhu|
ghsrvlwru zkr ghpdqgv lw1 Vlqfh odwh zlwkgudzhuv dozd|v uhfhlyh dv pxfk dv
wkh hduo| frqvxphuv e| lqfhqwlyh frpsdwlelolw|/ wkh edqn kdv wr oltxlgdwh doo
lwv dvvhwv xqohvv lw fdq jlyh dw ohdvw 7 S wr doo frqvxphuv1 Wkh ydoxh ri -W lv
ghwhuplqhg e| wkh frqglwlrq wkdw wkh edqn fdq mxvw d￿rug wr jlyh hyhu|rqh
7 S vr
7 S ’ u n -
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Ehorz -W lw lv lpsrvvleoh iru wkh edqn wr sd| doo wkh ghsrvlwruv 7 S/d q g
wkh rqo| dowhuqdwlyh lv wr oltxlgdwh doo lwv dvvhwv dw wkh ￿uvw gdwh dqg sd|
doo frqvxphuv ohvv wkdq 7 S1 Vlqfh d odwh zlwkgudzhu zloo uhfhlyh qrwklqj/ doo
frqvxphuv zloo fkrrvh wr zlwkgudz wkhlu ghsrvlwv dw wkh vhfrqg gdwh1
Wkhuh lv d glvfrqwlqxlw| lq wkh frqvxpswlrq sur￿ohv dw wkh fulwlfdo ydoxh
ri -W wkdw pdunv wkh xsshu erxqg ri wkh lqwhuydo lq zklfk uxqv rffxu1 Wkh
uhdvrq iru wklv glvfrqwlqxlw| lv wkh h￿hfw ri dvvhw vdohv rq wkh sulfh ri wkh ulvn|
dvvhw1 E| vhoolqj wkh dvvhw/ wkh edqn gulyhv grzq wkh sulfh/ wkxv kdqglqj d
zlqgidoo sur￿w wr wkh vshfxodwruv dqg d zlqgidoo orvv wr wkh ghsrvlwruv1 Wklv
zlqgidoo orvv lv h{shulhqfhg dv d glvfrqwlqxrxv gurs lq frqvxpswlrq1
Wkh sulflqj ri wkh ulvn| dvvhw dw gdwh ￿ lv vkrzq lq Iljxuh 71 Iru - :- W
wkh vshfxodwruv frqwlqxh wr krog erwk dvvhwv dqg duh lqgl￿huhqw ehwzhhq wkhp1
Vlqfh rqh xqlw ri wkh vdih dvvhw lv zruwk ￿ lq wkh odvw shulrg/ wkh ixqgdphqwdo
ydoxh ri hdfk xqlw ri wkh ulvn| dvvhw lv -*￿ ’ -1I r u-￿- W wkh edqnv duh
55irufhg wr oltxlgdwh doo ri wkhlu dvvhwv1 Qrz wkh vshfxodwruv fdq xvh wkhlu fdvk





wkh vshfxodwruv zloo zdqw wr xvh doo ri wkhlu fdvk wr ex| wkh ulvn| dvvhw1 Wkh
dprxqw ri fdvk lq wkh pdunhw u7 lv lqvx!flhqw wr sd| wkh ixqgdphqwdo ydoxh
ri wkh ulvn| dvvhw/ vr wkh sulfh lv ghwhuplqhg e| wkh udwlr ri wkh vshfxodwruv*





Iru -f ￿-￿- W wkhuh lv ￿fdvk lq wkh pdunhw sulflqj￿ dqg wkh sulfh ri wkh
ulvn| dvvhw lv ehorz lwv ixqgdphqwdo ydoxh1 Lq rwkhu zrugv wkhuh lv d qhjdwlyh
exeeoh1 Iru vpdoo ydoxhv ri - +- ￿- f, wkh ixqgdphqwdo ydoxh ri wkh ulvn|
dvvhw lv ohvv wkdq wkh dprxqw ri fdvk lq wkh pdunhw/ vr wkh dvvhw sulfh lv htxdo
wr wkh ixqgdphqwdo ydoxh rqfh djdlq1
Vlqfh wkh sulfh lv lqghshqghqw ri - iru -f ￿-￿- W frqvxpswlrq lv
lqghshqghqw ri - lq wklv lqwhuydo dv Iljxuh 6 lqglfdwhv1 Wkh frqvxpswlrq
dydlodeoh dw gdwh ￿ frqvlvwv ri wkh edqn*v kroglqj ri wkh vdih dvvhw/ u/ dqg wkh
vshfxodwruv* kroglqj ur￿ Wklv lv vsolw dprqj wkh hduo| dqg odwh frqvxphuv vr
hdfk uhfhlyhv Eu n ur￿*2￿
Wr vxp xs/ lqwurgxflqj d pdunhw iru wkh ulvn| dvvhw kdv d qxpehu ri
lpsruwdqw lpsolfdwlrqv1 Lw doorzv wkh edqn wr oltxlgdwh doo lwv dvvhwv wr phhw
wkh ghpdqgv ri wkh hduo| zlwkgudzhuv/ exw wklv kdv wkh h￿hfw ri pdnlqj wkh
vlwxdwlrq zruvh1 Iluvw/ ehfdxvh d edqn uxq h{kdxvwv wkh edqn*v dvvhwv dw
gdwh ￿/ d odwh frqvxphu zkr zdlwv xqwlo gdwh 2 wr zlwkgudz zloo eh ohiw zlwk
qrwklqj/ vr zkhqhyhu wkhuh lv d edqn uxq/ lw zloo lqyroyh doo wkh odwh frqvxphuv
dqg qrw mxvw vrph ri wkhp1 Vhfrqgo|/ li wkh pdunhw iru wkh ulvn| dvvhw lv
looltxlg/ wkh vdoh ri wkh uhsuhvhqwdwlyh edqn*v kroglqj ri wkh ulvn| dvvhw zloo
gulyh grzq wkh sulfh/ wkxv pdnlqj lw kdughu wr phhw wkh ghsrvlwruv* ghpdqgv1
Wkh doo0ru0qrwklqj fkdudfwhu ri edqn uxqv lv/ ri frxuvh/ idploldu iurp wkh
zrun ri Gldprqg dqg G|eylj +4<;6,1 Wkh gl￿huhqfh lv wkdw lq wkh suhvhqw
prgho edqn uxqv duh qrw ￿vxqvsrw￿ skhqrphqd= wkh| rffxu rqo| zkhq wkhuh
lv qr rwkhu htxloleulxp rxwfrph srvvleoh1 Ixuwkhupruh/ wkh ghdgzhljkw frvw
ri d edqn uxq lq wklv fdvh lv hqgrjhqrxv1 Wkhuh lv d frvw uhvxowlqj iurp
vxerswlpdo ulvn vkdulqj1 Zkhq wkh uhsuhvhqwdwlyh edqn lv irufhg wr oltxlgdwh
wkh ulvn| dvvhw/ lw vhoov wkh dvvhw dw d orz sulfh1 Wklv lv d wudqvihu ri ydoxh
56wr wkh sxufkdvhuv ri wkh ulvn| dvvhw/ qrw dq hfrqrplf frvw1 Wkh ghdgzhljkw
orvv dulvhv ehfdxvh wkh wudqvihu rffxuv lq edg vwdwhv zkhq wkh frqvxphuv*
frqvxpswlrq lv douhdg| orz1 Lq rwkhu zrugv/ wkh pdunhw lv surylglqj qhjdwlyh
lqvxudqfh1
Wkh rxwfrph zlwk dq dvvhw pdunhw lv lq idfw Sduhwr zruvh wkdq wkh do0
orfdwlrq zlwkrxw rqh1 Wkh edqn ghsrvlwruv duh fohduo| zruvh r￿ vlqfh wkh|
kdyh orzhu frqvxpswlrq iru -f ￿ - ￿ -W dqg wkh vshfxodwruv duh lqgl￿hu0
hqw1 Wklv fdq eh looxvwudwhg xvlqj d yduldqw ri wkh qxphulfdo h{dpsoh deryh1
Vxssrvh wkdw wkh zhdowk ri wkh vshfxodwruv ‘r ’ ￿ dqg wkdw wkh rwkhu sd0
udphwhuv duh dv ehiruh1 Wkh rswlpdo frqwudfw iru ghsrvlwruv kdv Eucf￿’
E￿￿fScf￿be￿c- f ’ f￿2Dc-W ’￿ ￿￿￿c zlwk ￿E-￿’f ￿2D iru -f ￿-￿- Wdqg
,dLES￿cS 2￿ o’f ￿fb￿ Iru wkh vshfxodwruv Eurcf r￿’E f ￿2ecf￿.S￿ dqg wkhlu h{0
shfwhg xwlolw| lv .Lr ’ ￿￿D1 Wkh| uhfhlyh wkh vdph ohyho ri h{shfwhg xwlolw|
dv wkh| zrxog li wkh| lqyhvwhg doo wkhlu ixqgv lq wkh ulvn| dvvhw1 Qrwh wkdw
wkh ghsrvlwruv duh vljql￿fdqwo| zruvh r￿ lq wklv htxloleulxp frpsduhg wr wkh
doorfdwlrq fruuhvsrqglqj wr wkh vroxwlrq wr +8, zkhuh ,dLES￿cS 2￿o ’ f￿2D￿
618 Rswlpdo Prqhwdu| Srolf|
Wkh lqh!flhqf| lq wkh doorfdwlrq zkhq wkhuh lv dq dvvhw pdunhw dulvhv iurp
wkh qhjdwlyh exeeoh lq dvvhw sulfhv1 D fhqwudo edqn fdq suhyhqw wkh froodsvh
lq dvvhw sulfhv dqg hqvxuh wkdw wkh doorfdwlrq lv wkh vdph dv lq Iljxuh 5 e|
dq dssursuldwh lqwhuyhqwlrq1 Wkh hvvhqwldo lghd ehklqg wkh srolf| wkdw lp0
sohphqwv wkh vroxwlrq wr +8, lv wkdw wkh fhqwudo edqn hqwhuv lqwr d uhsxufkdvh
djuhhphqw +ru d froodwhudol}hg ordq, zlwk wkh uhsuhvhqwdwlyh edqn/ zkhuhe|
wkh edqn vhoov vrph ri lwv dvvhwv wr wkh fhqwudo edqn dw gdwh ￿ lq h{fkdqjh iru
prqh| dqg ex|v wkhp edfn iru wkh vdph sulfh dw gdwh 21 E| surylglqj olt0
xlglw| lq wklv zd|/ wkh fhqwudo edqn hqvxuhv wkdw wkh uhsuhvhqwdwlyh edqn grhv
qrw vx￿hu d orvv e| oltxlgdwlqj lwv kroglqjv ri wkh ulvn| dvvhw suhpdwxuho|1
Zh dvvxph wkdw wkh vwdqgdug ghsrvlw frqwudfw lv qrz zulwwhq lq qrplqdo
whupv1 Wkh frqwudfw surplvhv ghsrvlwruv d ￿{hg dprxqw ri prqh| ( lq wkh
plggoh shulrg dqg sd|v rxw wkh uhpdlqlqj ydoxh ri wkh dvvhwv lq wkh odvw
shulrg1 Wkh sulfh ohyho dw gdwh | lq vwdwh - lv ghqrwhg e| R|E-￿ dqg wkh
qrplqdo sulfh ri wkh ulvn| dvvhw dw gdwh ￿ lq vwdwh - lv ghqrwhg e| ￿E-￿1
Zh zdqw wkh ulvn| dvvhw wr vhoo iru lwv ixqgdphqwdo ydoxh/ vr zh dvvxph
wkdw ￿E-￿’R￿E-￿-1 Dw wklv sulfh/ wkh vdih dqg ulvn| dvvhwv duh shuihfw
vxevwlwxwhv1 Ohw Efcu￿ eh wkh sruwirolr fruuhvsrqglqj wr wkh vroxwlrq ri +8,
dqg ohw ES￿E-￿cS 2E-￿￿ eh wkh fruuhvsrqglqj frqvxpswlrq doorfdwlrqv1 Iru
57odujh ydoxhv ri -/z hp d |k d y hS￿E-￿’u￿S 2E-￿’-f> iru vpdoohu ydoxhv
zh pd| kdyh S￿E-￿’S2E-￿’￿
2Eu n -f￿1 Lpsohphqwlqj wklv doorfdwlrq
uhtxluhv lqwurgxflqj frqwlqjhqflhv wkurxjk sulfh yduldwlrq= R￿E-￿S￿E-￿’
(￿R 2E-￿S2E-￿ iru -:7 - dqg R￿E-￿S￿E-￿’( ’ R2E-￿S2E-￿ iru -￿7 -1
Wkhvh htxdwlrqv ghwhuplqh wkh ydoxhv ri R￿E-￿ dqgR2E-￿ xqltxho|1 Lw uhpdlqv
rqo| wr ghwhuplqh wkh ydoxh ri vdohv ri dvvhwv dqg wkh vl}h ri wkh edqn uxq1
Lq wkh hyhqw ri d edqn uxq/ rqo| wkh odwh frqvxphuv zkr zlwkgudz hduo|
zloo hqg xs kroglqj fdvk/ vlqfh wkh hduo| frqvxphuv zdqw wr frqvxph wkhlu
hqwluh oltxlgdwhg zhdowk lpphgldwho|1 Li kE-￿ lv wkh iudfwlrq ri odwh frqvxphuv
zkr zlwkgudz hduo|/ wkhq wkh dprxqw ri fdvk lqmhfwhg lqwr wkh v|vwhp pxvw
eh kE-￿(1 Iru vlpsolflw|/ zh dvvxph wkdw wkh dprxqw ri fdvk lqmhfwhg lv
d frqvwdqw ￿ dqg wklv ghwhuplqhv wkh ￿vl}h￿ ri wkh uxq kE-￿1 Vlqfh wkh
vdih dvvhw dqg wkh ulvn| dvvhw duh shuihfw vxevwlwxwhv dw wklv srlqw/ lw grhv
qrw pdwwhu zklfk dvvhwv wkh uhsuhvhqwdwlyh edqn vhoov wr wkh fhqwudo edqn dv
orqj dv wkh qrplqdo ydoxh htxdov ￿1 Wkh uhsuhvhqwdwlyh edqn hqwhuv lqwr d
uhsxufkdvh djuhhphqw xqghu zklfk lw vhoov dvvhwv dw gdwh ￿ iru dq dprxqw ri
fdvk htxdo wr ￿ dqg uhsxufkdvhv wkhp dw gdwh 2 iru wkh vdph fdvk ydoxh1
Dw wkh suhvfulehg sulfhv/ vshfxodwruv zloo qrw zdqw wr krog dq| ri wkh vdih
dvvhwv/ vr ur ’ f dqg fr ’ ‘r1
Lw lv hdv| wr fkhfn wkdw doo wkh htxloleulxp frqglwlrqv duh vdwlv￿hg= gh0
srvlwruv dqg vshfxodwruv duh ehkdylqj rswlpdoo| dw wkh jlyhq wkh sulfhv dqg
wkh ihdvlelolw| frqglwlrqv duh vdwlv￿hg1
Wr vxppdul}h/ wkh fhqwudo edqn fdq lpsohphqw wkh vroxwlrq wr +8, e|
hqwhulqj lqwr d uhsxufkdvh djuhhphqw zlwk wkh uhsuhvhqwdwlyh edqn dw gdwh ￿1
Jlyhq wkh doorfdwlrq iEucf￿cS ￿E-￿cS 2E-￿j/ fruuhvsrqglqj wr wkh vroxwlrq ri
+8,/ wkh htxloleulxp ydoxhv ri sulfhv duh jlyhq e| wkh frqglwlrqv R￿E-￿S￿E-￿’
(￿R 2E-￿S2E-￿ iru -: 7 -/d q gR￿E-￿S￿E-￿’( ’ R2E-￿S2E-￿ iru -￿7 -1
Wkhuh lv d ￿{hg dprxqw ri prqh| ￿ lqmhfwhg lqwr wkh hfrqrp| lq wkh hyhqw ri
d uxq dqg wkh iudfwlrq ri odwh zlwkgudzhuv zkr ￿uxq￿ vdwlv￿hv kE-￿( ’ ￿1
Wkh sulfh ri wkh ulvn| dvvhw dw gdwh ￿ vdwlv￿hv R￿E-￿- ’ ￿E-￿ dqg wkh rswlpdo
sruwirolr ri wkh vshfxodwruv lv Eurcf r￿’E f c‘ r￿1
Lw fdq eh vhhq wkdw wkh fhqwudo edqn lqwhuyhqwlrq hqvxuhv wkdw wkh ulvn|
dvvhw*v sulfh lv dozd|v htxdo wr lwv ixqgdphqwdo ydoxh1 Wklv phdqv wkdw vshf0
xodwruv gr qrw sur￿w dqg ghsrvlwruv gr qrw orvh iru -f ￿ - ￿ -W￿ Dv d uhvxow
lw lv vwudljkwiruzdug wr vkrz wkdw wkh doorfdwlrq lv +vwulfwo|, Sduhwr0suhihuuhg
wr wkh htxloleulxp ri wkh prgho zlwk dvvhw pdunhwv1
Wklv fdq eh looxvwudwhg zlwk wkh qxphulfdo h{dpsoh1 Uhfdoo wkdw wkh
vroxwlrq wr +8, kdv Eucf￿’E ￿ ￿￿bcf￿H￿￿c 7 - ’￿ ￿e. dqg ,dLES￿cS 2￿o ’ f￿2D￿
58Vxssrvh ( ’￿ ￿￿b1I r u - ￿ 7 - ’￿ ￿e. wkhq R￿E-￿’R2E-￿’￿ ￿ Iru -￿7 - ’
￿￿e. wkh sulfh ohyhov dw wkh wzr gdwhv ghshqg rq wkh ohyho ri -￿ Wr looxvwudwh
vxssrvh - ’ ￿1 L qw k d wf d v hS￿E￿￿ ’ S2E ￿ ￿’￿vr R￿E￿￿ ’ R2E￿￿ ’ ￿￿￿b￿
Vlploduo| iru rwkhu ydoxhv ri -￿ Wkh orzhu wkh ydoxh ri -/ wkh kljkhu R|E-￿/
vr wkdw frqvxpswlrq lv orzhuhg e| udlvlqj wkh sulfh ohyho1 Dovr ￿E-￿’￿ ￿￿b￿
Wkh iudfwlrq ri odwh frqvxphuv zkr zlwkgudz iurp wkh edqn dqg krog prqh|
zloo eh ghwhuplqhg e| ￿1 Vxssrvh ￿ ’￿ / wkhq kE-￿’￿ *￿￿￿b ’ f￿He￿ Iru
wkh vshfxodwruv Eurcf r￿’E f c￿￿ dqg wkhlu h{shfwhg xwlolw| lv .Lr ’ ￿￿D1 Wkh
htxloleulxp zlwk fhqwudo edqn lqwhuyhqwlrq lv fohduo| Sduhwr0suhihuuhg wr wkh
pdunhw htxloleulxp zlwkrxw lqwhuyhqwlrq1
7 Frqfoxglqj Uhpdunv
Wklv sdshu kdv dujxhg wkdw prqhwdu| srolf| fdq kdyh dq h￿hfw rq dvvhw sulfhv
lq wzr lpsruwdqw zd|v1 Wkh ￿uvw lv wkdw zkhq wkhuh lv dq djhqf| sureohp
ehwzhhq edqnv dqg wkh shrsoh wkh| ohqg wr zkr pdnh lqyhvwphqw ghflvlrqv
dvvhw sulfhv fdq ulvh deryh wkhlu ixqgdphqwdo1 Wkh djhqf| sureohp phdqv
wkdw lqyhvwruv fkrrvh ulvnlhu surmhfwv wkdq wkh| rwkhuzlvh zrxog dqg elg xs
sulfhv1 Wkh juhdwhu wkh ulvn wkh odujhu wklv exeeoh fdq ehfrph1 Lw lv qrw rqo|
wkh ulvn wkdw lv dvvrfldwhg zlwk uhdo dvvhw uhwxuqv wkdw fdq fdxvh d exeeoh exw
dovr wkh ￿qdqfldo ulvn dvvrfldwhg zlwk wkh xqfhuwdlqwlhv ri prqhwdu| srolf|
dqg sduwlfxoduo| ￿qdqfldo olehudol}dwlrq1 Wkh ￿uvw lpsruwdqw frqfoxvlrq lv
wkdw wkh fhqwudo edqn vkrxog nhhs vxfk xqfhuwdlqwlhv wr d plqlpxp1 Wkh ohvv
xqfhuwdlqw|/ wkh ohvv wkh pdjqlwxgh ri wkh srvlwlyh exeeoh1
Wkh vhfrqg sureohp rffxuv zkhq dvvhw sulfhv idoo1 Li wklv idoo fdxvhv
edqnv wr oltxlgdwh dvvhwv vlpxowdqhrxvo| wkhq dvvhw sulfhv fdq idoo ehorz wkhlu
ixqgdphqwdo ydoxh1 Lq rwkhu zrugv wkhuh lv d qhjdwlyh exeeoh1 Wklv exeeoh
fdq dovr eh yhu| gdpdjlqj1 Lq wklv fdvh lw lv ghvludeoh iru wkh fhqwudo edqn
wr vwhs lq dqg surylgh oltxlglw| dqg suhyhqw dvvhw sulfhv idoolqj ehorz wkhlu
ixqgdphqwdo ydoxh1 Wkh| fdq gr wklv e| ohqglqj djdlqvw wkh edqnv* dvvhwv1
Wkh fhqwudo edqn kdv d frpsolfdwhg wdvn wr suhyhqw erwk w|shv ri exeeoh1
Pruhryhu lw lv lpsruwdqw iru lw wr fruuhfwo| lghqwli| zklfk lv wkh uhohydqw
sureohp dqg wkh dsursuldwh srolf| wr vroyh lw rwkhuzlvh wkh vlwxdwlrq zloo
rqo| eh h{dfhuedwhg1
59Uhihuhqfhv
Doohq/ I1 dqg Jdoh/ G1 +4<<;,1 cRswlpdo Ilqdqfldo Fulvhv1* Mrxuqdo ri
Ilqdqfh/ yro1 86/ ss1 4578045;71
Doohq/ I1 dqg Jdoh/ G1 +5333,1 cExeeohv dqg Fulvhv1* Hfrqrplf Mrxuqdo/
yro1 443/ ss1 56905881
Doohq/ I1 dqg Jruwrq/ J1 +4<<6,1 cFkxuqlqj Exeeohv1* Uhylhz ri Hfr0
qrplf Vwxglhv/ yro1 93/ ss1 ;460;691
Doohq/ I1/ Pruulv/ V1 dqg Srvwohzdlwh/ D1 +4<<6,1 cIlqlwh Exeeohv zlwk
Vkruw Vdoh Frqvwudlqwv dqg Dv|pphwulf Lqirupdwlrq1* Mrxuqdo ri Hfrqrplf
Wkhru|/ yro1 94/ ss1 539055<1
Fdorplulv/ F1 dqg Jruwrq/ J1 +4<<4,1 cWkh Ruljlqv ri Edqnlqj Sdqlfv/
Prghov/ Idfwv/ dqg Edqn Uhjxodwlrq1* Lq J1 Kxeedug/ hg1/ Ilqdqfldo Pdunhwv
dqg Ilqdqfldo Fulvhv +Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr/ LO,1
Fdorplulv/ F1 dqg Ndkq/ F1 +4<<4,1 cWkh Uroh ri Ghpdqgdeoh Ghew lq
Vwuxfwxulqj Rswlpdo Edqnlqj Duudqjhphqwv1* Dphulfdq Hfrqrplf Uhylhz/
yro1 ;4/ ss1 7<:08461
Gldprqg/ G1 dqg G|eylj/ S1 +4<;6,1 cEdqn Uxqv/ Ghsrvlw Lqvxudqfh/ dqg
Oltxlglw|1* Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 <4/ ss1 734074<1
Guhhv/ E1 dqg Sd}duedvlrjox/ F1 +4<<8,1 cWkh Qruglf Edqnlqj Fulvhv=
Slwidoov lq Ilqdqfldo Olehudol}dwlrqB*/ Zrunlqj Sdshu <8294 +Lqwhuqdwlrqdo
Prqhwdu| Ixqg/ Zdvklqjwrq/ GF,1
Iudqnho/ M1 +4<<6,1 cWkh Mdsdqhvh Ilqdqfldo V|vwhp dqg wkh Frvw ri
Fdslwdo1* Lq V1 Wdndjl/ hg1/ Mdsdqhvh Fdslwdo Pdunhwv= Qhz Ghyhorsphqwv lq
Uhjxodwlrqv dqg Lqvwlwxwlrqv/ ss1 540:: +Eodfnzhoo/ R{irug,1
Jruwrq/ J1 +4<;;,1 cEdqnlqj Sdqlfv dqg Exvlqhvv F|fohv/* R{irug Hfr0
qrplf Sdshuv/ yro1 73/ ss1 :840:;41
Khlvndqhq/ U1 +4<<6,1 cWkh Edqnlqj Fulvlv lq wkh Qruglf Frxqwulhv1*
Ndqvdoolv Hfrqrplf Uhylhz/ yro1 5/ ss1 4604<1
Mhqvhq/ P1 dqg Phfnolqj/ Z1 +4<:9,1 cWkhru| ri wkh Ilup= Pdqdjhuldo
ehkdylrxu/ Djhqf| Frvw dqg Rzqhuvkls Vwuxfwxuh1* Mrxuqdo ri Ilqdqfldo
Hfrqrplfv/ yro1 6/ ss1 63806931
Nlqgohehujhu/ F1 +4<:;,1 Pdqldv/ Sdqlfv/ dqg Fudvkhv= D Klvwru| ri
Ilqdqfldo Fulvhv +Edvlf Errnv/ Qhz \run/ Q\,1
Olqgjuhq/ F1/ Jdufld/ J1/ dqg Vddo/ P1 +4<<9,1 Edqn Vrxqgqhvv dqg
Pdfurhfrqrplf Srolf| +Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Zdvklqjwrq/ GF,1
Plvknlq/ I1 +4<<:,1 cXqghuvwdqglqj Ilqdqfldo Fulvhv= D Ghyhorslqj Frxq0
wu| Shuvshfwlyh1* Dqqxdo Zruog Edqn Frqihuhqfh rq Ghyhorsphqw Hfrqrplfv
5:4<<9/ ss1 5<094 +Wkh Lqwhuqdwlrqdo Edqn iru Uhfrqvwuxfwlrq dqg Ghyhors0
phqw/ Zdvklqjwrq/ GF,1
Plwfkhoo/ Z1 +4<74,/ Exvlqhvv F|fohv dqg Wkhlu Fdxvhv +Xqlyhuvlw| ri
Fdoliruqld Suhvv/ Ehunhoh|/ FD,1
Vsudjxh/ R1 +4<43,/ D Klvwru| ri Fulvhv Xqghu wkh Qdwlrqdo Edqnlqj
V|vwhp +X1V1 Jryhuqphqw Sulqwlqj R!fh/ Zdvklqjwrq/ GF,1
Vwljolw}/ M1 dqg Zhlvv/ D1 +4<;4,1 cFuhglw Udwlrqlqj lq Pdunhwv zlwk
Lpshuihfw Lqirupdwlrq1* Dphulfdq Hfrqrplf Uhylhz/ yro1 :4/ ss1 6<607431
Wvfkrhjo/ D1 +4<<6,1 cPrgholqj wkh Ehkdylrxu ri Mdsdqhvh Vwrfn Lqglfhv1*
Lq V1 Wdndjl/ hg1/ Mdsdqhvh Fdslwdo Pdunhwv= Qhz Ghyhorsphqwv lq Uhjxod0
wlrqv dqg Lqvwlwxwlrqv/ ss1 6:40733 +Eodfnzhoo/ R{irug,1
Zdoodfh/ Q1 +4<;;,1 cDqrwkhu Dwwhpsw wr H{sodlq dq Looltxlg Edqnlqj
V|vwhp= Wkh Gldprqg dqg G|eylj Prgho zlwk Vhtxhqwldo Vhuylfh Wdnhq
Vhulrxvo|1* Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz/ yro1 45/
ss1 60491
Zklwh/ H1 +4<<3,1 Fudvkhv dqg Sdqlfv= Wkh Ohvvrqv iurp Klvwru| +Grz
Mrqhv Luzlq/ Krphzrrg/ LO,1
5;Figure 1


























































Asset Pricing Without Central Bank Intervention